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(54) PROCESS FOR THE PRODUCTION OF POLYESTER BLOCK COPOLYI^AERS, POLYESTER 

BLOCK COPOLYMER COI^ffPOSITiONS AND PROCESS FOR THE PREPARATION THEREOF 



(57) The present invention I relates to a method for 
the preparation of a polyester block copolymer (PI) 
characterized in that In the method for the preparation 
of 1 00% by weight of the polyester block copolymer (PI ) 
by allowing to react A% by weight of a crystalline aro- 
matic polyester with B% by weight of lactones 
(A-i-B=100), (B+0.5)% by weight of lactones are added 
into A% by weight of a crystalline aromatic polyester, 
and not less than 0.5% by weight of unreacted lactones 
are remained with respect to 1 00% by weight of the pol- 
yester block copolymer (P1) after reaction. 

The present Invention II relates to a method for the 
preparation of a polyester block copolymer (P'1 ) having 
a high molecular weight characterized in that the poly- 
ester block copolymer (PI ) is allowed to further react in 
a solid phase. 

The present invention III relates to a polyester block 
copolymer composition (R) obtained by thennally- 
processing a polyester block copolymer composition 
(Q) obtained by melt-mlxing 100 parts by weight of a 
polyester block copolymer (P) with 0.1-5 parts by weight 
of an epoxy compound (C) having one or more epoxy 
groups under an Inert gas atmosphere and not less than 
120*C in a solid phase, and further, at a temperature 
lower than a melting point of the polyester block copol- 
ymer composition (R). 

The present invention IV relates to a polyester block 
copolymer composition which comprises themially- 



kneadlng 0.5-5.0 parts by weight of a mono or more- 
functional epoxy compound (C) and 0.01-3.0 parts by 
weight of a complex-f ormable agent for a metal.(G) such 
as an oxalic acid derivative and a salicylic acid derivative 
or a hydrazide derivative with 1 GO parts by weight of a 
polyester block copolymer (P1) obtained by a reaction 
of a crystalline aromatic polyester (AI ) with lactones (8). 

The present invention V relates to a polyester block 
copolymer composition which comprises, in obtaining 
the polyester block copolymer composition by allowing 
to react the crystalline aromatic polyester (AI) with lac- 
tones (B), adding and therhnally-kneading 0.5-5.0 parts 
by weight of an epoxy compound (C) having one or more 
pieces of epoxy groups (including at least 0.2 part by 
weight of two or more functional epoxy compound) and, 
optionally, 0-2.0 parts by weight of a carbodilmlde com- 
pound (E) to 100 parts by weight of a polyester block 
copolymer (P3) obtained by allowing to react 0. 1-1 00% 
by mol of at least one of a multifunctional compound (D) 
having at least three pieces of at least one kind of car- 
boxylic group (i), hydroxy! group (ii), and/or an ester- 
formable group therefrom (iii) with 100% by mol of a 
crystalline aromatic polyester (AI). 

The present invention VI relates to a polyester block 
copolymer composition which comprises, in obtaining 
said polyester block copolymer composition by allowing 
to react the crystalline aromatic polyester (AI ) with lac- 
tones (B), adding and thermally-kneading 0.1-5.0 parts 
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by weight of an epoxy compound (C) having one or more 
pieces of epoxy groups and 0-2.0 parts by weight of a 
carbodilmide compound (E) to 100 parts by weight of a 
polyester block copolymer (P3) obtained by allowing to 
react 0.1-200% by mo! of at least one of an aliphatic or 
aromatic multifunctional compound (D) having at least 
three pieces of carboxylic group (i), hydroxyl group (ii), 
and/or an ester-fonnable group therefrom (iii) with 1 00% 
by mol of a crystalline aromatic polyester (A1). 

The present invention VII relates to a polyester 
block copolymer composition (R) which comprises, in 
obtaining the polyester block copolymer composition by 
allowing to react the crystalline aromatic polyester (A1) 



with lactones (B), heating a polyester block copolymer 
composition (Q) at a solid phase, and the composition 
(Q) is obtained by adding and thermally-kneading 
0.1-5.0 parts by weight of at least one kind of an epoxy 
compound (C) having one or more pieces of epoxy 
groups to 1 00 parts by weight of a polyester block co- 
polymer (P) obtained by allowing to react 0.1-200% by 
mol of at least one of a multifunctional compound (D) 
having at least three pieces of carboxylic group (i), hy- 
droxyl group (ii), and/or an ester-fonnable group there- 
from (iii) with 1 00% by mol of a crystalline aromatic pol- 
yester (A1). 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention No. I relates to an efficient method for the preparation of a polyester block copolymer 
which is excellent in heat resistance and hydrolysis resistance, in which lactones are addition -polymerized onto a 
crystalline aromatic polyester. 

[0002] The present invention No. II relates to a method for the preparation of a polyester block copolymer which is 
excellent in heat resistance and hydrolysis resistance, and which has a higher molecular weight, In which the polyester 

10 block copolymer obtained in the present invention No. I is further allowed to react in a solid state. 

[0003] The present invention No. Ill relates to a polyester block copolymer composition which is excellent in heat 
resistance and hydrolysis resistance, color hue, and melt viscosity stability, and a method for the preparation thereof. 
[0004] The present invention No. IV relates to a polyester block copolymer composition which is excellent in heat 
resistance under a contact with a metal and a polyvinyl chloride (PVC), and relates to a heat-sensitive body for a heater 

IS cable in which polyester block copolymer-based resin Is employed. 

[0005] The present invention Nos. V and VI relate to a polyester block copolymer composition which is excellent in 
a blow-moldability and heat resistance. 

[0006] The present invention No. VII relates to a polyester block copolymer composition composed of a crystalline 
aromatic polyester and lactones, and relates to a method for the preparation thereof, and which is excellent in a blow- 
^ moldability and heat resistance. 

BACKGROUND TECHNOLOGY 

[0007] Prior arts in relation to the present invention Nos. I and II are as follows. 
25 [0008] Many polyester block copolymers possesses a mechanical property such as flexibility, and widely enlarge 
uses such as parts for cars and electric and electronic parts as a themnoplastic elastomer which Is excellent In heat 
resistance and chemical resistance, which contains a crystalline aromatic polyester unit such as a polybutylene tereph- 
thalate unit as a hard segment, and in which crystallinity is lowered by combination of a long chain diol with an aromatic 
dicarboxylic acid in spite of an aliphatic polyether such as a poly(alkyleneoxide) glycol, and/or an aliphatic polyester 
30 such as a polylactone and/or a polyester, and an aromatic polyester. 

[0009] Hitherto, as a technology for giving flexibility to a crystalline aromatic polyester, JP-B-7300411 6 Official Ga- 
zette states a method for obtaining a block copolymer having a elasticity by reaction of a crystalline aromatic polyester 
with lactones. The method stated herein is a first method which shows that a block copolymer can be obtained by an 
addition reaction of lactones, however, there is nothing described in relation to an importance of residual unreacted 
lactone monomers after the above-described reaction and a technical effect, and there is also nothing described in 
relation to a melting point In the block copolymer obtained. 

[0010] On the other hand, JP-B-77049037 Official Gazette describes a method for polymerizing lactones under the 
presence of a crystalline aromatic polyester which is in a solid phase. By descriptions, it is shown that a method in 
which a reaction is conducted in a melting state has a problem of a remarkable decline in a melting point of the crystalline 
40 aromatic polyester, and it can be solved by conducting a reaction under a solid condition. 

[0011] However, it includes a problem that since It is a reaction at a low temperature, there is required a long time 
of period in the reaction, and since productivity is worse, and it lacks practicability. 

[0012] Further, JP-B-96009661 , JP-B-93023289, JP-B-93023290, JP-B-95033434, JP-B-94033435, JP-A- 
05043666, and JP-A-05043667 Official Gazettes all describe a method for allowing to continuously react a crystalline 
aromatic polyester with lactones, and some of the Gazettes include descriptions including a step for removing unreacted 
lactones. Removal of the unreacted lactone described herein has an effect for reducing a monomer smell in the poly- 
ester block copolymer and, moreover, by conducting a continuous removal operation, it has an effect for further reducing 
concentration of the unreacted lactones in the polyester block copolymer. 

[0013] Still further, some of the above-described prior arts describe that there is Included a step for conducting a 
polycondensation reaction in a solid state, and the polycondensation reaction in a solid state has an effect for increasing 
a solution viscosity of a polyester block copolymer (P1). 

[0014] However, all of the prior arts only describe that a themnal property such as a melting point of a resin obtained 
are decided by raw materials to be employed, reaction temperature, reaction time of period, and conditions for removing 
unreacted lactones, and all the prior arts do not describe a technical concept and a specific method for Intentionally 
Improving the thermal property by increasing the amount of the lactones to be Introduced and by remaining the amount 
of the unreacted lactones. 

[0015] In JP-A-02252729 and JP-A-04072325 Official Gazettes, there is described a method for elevating a melting 
point of a block copolymer obtained. The JP-A-02252729 Official Gazette describes a method in which there are dis- 
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solved a crystalline aromatic polyester and lactones at a lower tennperature, and those have an effect for reducing 
decomposition reaction by heating, however, there is small an effect for preventing a decline of a melting point, further, 
occasionally, a reaction time of period unpreferably becomes long. Further, the JP-A-04072325 Official Gazette de- 
scribes that the lactones is partially added in advance in a highly-polymerized state, and elevation of a melting point 
can be effectively actualized. However, in spite of an inherent low cost in the lactones, the method partially highly- 
polymerized in advance includes a problem of a fair adverse affection to total profitability. 

[0016] JP-A-61 287922 Official Gazette describes that in a method for the preparation of an elastic polyester by 

allowing to react a crystalline aromatic polyester with lactones, the method for the preparation of an elastic polyester 

characterized in that an addition polymerization is conducted by continuously feeding a melted crystalline polyester 

and lactones into a reaction vessel, and then, those are allowed to react with each other in a solid state. 

[001 7] However, even In the method, there are not shown a technical concept and a specific method, etc., that thermal 

properties are intentionally elevated by increasing the amount of the lactones and by remaining the amount of unreacted 

lactones. 

[0018] As described hereinabove, those have been still insufficient as a method for the preparation of a polyester 
block copolymer having a high melting point and a high molecular weight. 
[0019] Prior arts in relation to the present invention No. Ill are as follows. 

[0020] However, in relation to the polyester block copolymer composed of a hard segment and a soft segment de- 
scribed in the prior arts for the present invention No. I, an industrially-produced polymer is not sufficient in heat resist- 
ance and hydrolysis resistance, and, in the case that it is applied to a melting molding method such as a blow molding 
and extrusion molding in which a high meft viscosity is required, there has been caused a problem that moldability is 
worse. 

[0021] Accordingly, as a method for elevating a heat resistance and hydrolysis resistance in a polyester block co- 
polymer, there have been proposed a variety of methods until now. Further, there are proposed methods simultaneously 
elevating a melt viscosity in the many proposes. For example, JP-B-77030999 and the above-described JP-B- 
77049037 Official Gazettes propose a method for increasing a melt viscosity by a solid phase polymerization. However, 
in the method for increasing a melt viscosity proposed herein, there is required a very long time of period for heating 
and, further, hydrolysis resistance is not improved at all. 

[0022] JP-B-91 077826 Official Gazette proposes a method for melt-mixing a monofunctional epoxy compound with 
a bifunctional epoxy compound. By the method, although heat resistance and hydrolysis resistance are elevated, the 
hydrolysis resistance is not sufficient, an elevation of a melt viscosity is also insufficient. 

[0023] In order to allow to become sufficient the hydrolysis resistance of the polyester elastomer obtained by the 
method, it is required that an excessive amount of the epoxy compounds are added, resulting in that a melting point 
lowers, and viscosity change is large in reheating, and it is problematic in molding stability in the case of conducting 
a more precise molding process. 

[0024] JP-B-92021 703, JP-B-89052441 , and JP-B-86042930 Official Gazettes describe the further addition of a met- 
al salt of a carboxylic acid as an accelerator in a reaction. 

[0025] However, melt viscosity in resins obtained herein is not still sufficient and, it is anxious that such the addition 
of the metal salts unpreferably affects to hydrolysis resistance, and it preferably causes to lower a color hue. On the 
other hand, as a method for improving a melt viscosity stability, JP-B-88031491 Official Gazette proposes a method 
of addition of an epoxy compound and carboxylic acids. In the method, since there are added the carboxylic acids 
which change hydrolysis resistance to worse, there must be added a large amount of the epoxy compounds in order 
to obtain a sufficient hydrolysis resistance, resulting in that there are caused a cost increase and crystalllnity lowers. 
[0026] Prior arts in relation to the present invention No. IV are as follows. 

[0027] In recent years, there have been employed composite materials of synthetic resins with metals and PVC in 
many fields including electric cables. The composite materials are molded by an extrusion molding method or a fusing 
method, and employed in a variety of uses. 

[0028] As a use of such the materials, there is a heater cable for an electric blanket and an electric carpet in which 
heat resistance is required. 

[0029] Structure of the heater cable, as shown In Figure 1 , is composed of a center wire 1 , a short wire 2, a heating 

wire 3, a heat-sensitive body 4, and an outer cover 5. The heat-sensitive body 4 has a function as a fuse. 

[0030] This functions in order to cut a heater circuit by fusing the heat-sensitive body 4 which fuses at a narrow 

temperature range when temperature abnormally elevates, and there have been mainly employed a nylon 12 and a 

nylon 11 until now. Further, a heat-resistible polyester is employed as the center wire 1 , PVC is employed as the outer 

cover 5, and copper and a copper alloy are employed as the short wire 2 and the heater wire 3. 

[0031] The heater wire composed of the composite materials are often exposed to heat cycles in view of functions 

thereof and, if the heatrsensitive body 4 is poor in heat resistance, even though exotherm from the heater wire 3 is in 

a normal range, the heater circuit is occasionally cut or, contrarily, a fusing function does not occasionally work even 

in the case of abnormal temperature elevation, resulting in that fire accident is occasionally caused. 
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[0032] Heretofore, there have been mainly employed resins such as the nylon 12 and the nylon 11 as the heat- 
sensitive body 4. 

[0033] As the resins, although there is employed a resin which is excellent in heat resistance and does not contain 
an additive, or a resin composition in which a hindered phenol-based stabilizer is mixed to prevent heat deterioration, 
those include many problems. 

[0034] Prior arts in relation to the present invention Nos. V, VI. and VH are as follows. 

[0035] As a method for preparing a polyester block copolymer by allowing to react an aromatic polyester with lactones, 
there have been known a method (JP-A-480041 1 6 Official Gazette) by allowing to react a crystalline aromatic polyester 
with a lactone, a method (JP-A-48004115 Official Gazette) by allowing to react a crystalline aromatic polyester with a 
lactone and to chain-extend by allowing to react an initial copolymer with a multifunctional acylating agent, and a 
method (the above-described JP-B-77049037 Official Gazette) for polymerizing the lactones in a solid phase under 
the presence of a crystalline aromatic polyester. 

[0036] Although the polyester block copolymers obtained by the methods have excellent rubbery elasticity and ex- 
cellent weatherability, the copolymers are insufficient in heat resistance, and include a drawback that viscosity, exten- 
sion, and strength remarkably lower by exposing to a high temperature for a long time of period. 
[0037] Further, the copolymers do not have a strain-hardening property which Is an important property in blow-mold- 
ing, and there cannot be obtained a molded article having uniform thickness. 

[0038] Therefore, in order to improve heat resistance and moldability of the above-described polyester-type block 
copolymers, there have been proposed a method (JP-A-581 62654 Official Gazette) in which a mono or more functional 
epoxy compound is mixed, a method (J P-A-69 152947 Official Gazette) in which there are formulated a mono or more 
functional epoxy compound and a metal salt of an aliphatic carboxylic acid, and a method (J P-A-59 155458 Official 
Gazette) in which there are fonmulated a mono or more functional epoxy compound and an ethylene-carboxylic acid 
copolymer. However, melt viscosity is relatively low in the compositions obtained in the methods. 
[0039] There have been problems that because it is difficult to obtain a mutual relationship between a dependence 
of a melt viscosity upon extension speed and a mixing amount of the metal salt of an aliphatic carboxylic acid, and 
quality cannot be stabilized, and heat resistance lowers, etc. 

[0040] Recently, as a method for solving all the problems, although there has been proposed a method (JP-A- 
07331046 Official Gazette) in which there are formulated two or more functional epoxy compounds and an imidazole 
compound, a dependence of a melt viscosity upon extension speed (It is called a strain-hardening property, that is, it 
is a characteristic of viscosity increase with an increase of an extending speed. Accordingly, a larger hardening property 
prevents an excessive extension of an extended portion in blow molding owing to a larger viscosity, and an unextended 
portion is extended owing to a lower viscosity, as a result, uniform thickness is obtained.) is still insufficient, and there 
cannot be obtained a molded article having uniform thickness in blow molding and, further, there has been a problem 
that discoloration is remarkable. 

DISCLOSURE OF THE INVENTION 

[0041] Purpose of the present invention No. I is to provide a method for the preparation of a polyester block copolymer 
from a crystalline aromatic polyester and, specifically, to provide a method for the preparation of a polyester block 
copolymer which has a low crystallinity and a high melting viscosity and which Is excellent in heat resistance, process- 
ability, and hydrolysis resistance. 

[0042] The present inventors, as a result of an investigation of a method for the preparation of a polyester block 
copolymer which is excellent in heat resistance, processability, hydrolysis resistance, and a high melt viscosity, found 
out that in the method for the preparation of a polyester block copolymer (PI ) by allowing to react a crystalline aromatic 
polyester (A1) with lactones, thermal characteristk:s of the polyester block copolymer (P1) can be improved by con- 
trolling an introducing amount of lactones (B) with respect to the above-described crystalline aromatic polyester (A1) 
and an amount of unreacted lactones remained in the polyester block copolymer (PI), and the present invention No. 
I has been completed. 

[0043] Purpose of the present invention No. II is to provide a method for the preparation of a high molecular weight 
polyester block copolymer from a crystalline aromatic polyester and, specifically, to provide a method for the preparation 
of a polyester block copolymer which is low in crystallinity, and which is excellent in heat resistance, processability, 
hydrolysis resistance, and which has a high melt viscosity and a higher molecular weight. 

[0044] The present inventors, as a result of an investigation of a method for the preparation of a polyester block 
copolymer in which crystallinity is lowered In a crystalline aromatic polyester, and which is excellent In heat resistance, 
processability. hydrolysis resistance, and which has a high melt viscosity, found out that in the method for the preparation 
of a polyester block copolymer (P1 ) by allowing to react the crystalline aromatic polyester with lactones, thennal char- 
acteristics of the polyester block copolymer (P1) can be improved by controlling an introducing amount of unreacted 
lactones remained in the polyester block copolymer (PI) obtained by the reaction and a polyester block copolymer 
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(P'1) obtained through a reaction in a solid phase can be more highlyiaolymerized, and the present invention No. II 
has been completed. 

[0045] Purpose of the present invention No. Ill Is to provide a polyester block copolymer composition and a method 
for the preparation thereof, which is excellent In heat resistance, hydrolysis resistance and color hue, and which has 

5 a high melt viscosity and melt viscosity stability, and which is appropriate In molding processing. 

[0046] The present inventors, as a result of an intensive investigation for obtaining a resin composition which is 
excellent in heat resistance and hydrolysis resistance and a polyester block-based copolymer which has a high melt 
viscosity and a melt viscosity stability and which is appropriate in molding processability, have found that the above- 
described problems can be solved by heating under a specified condition after mixing a mono or more functional epoxy 

10 compound with the polyester block copolymer, and the present invention No. Ill has been completed. 

[0047] Purpose of the present invention No. IV is to solve a problem that themrial deterioration is accelerated and 
heat resistance becomes Insufficient by a combined action of a produced copper ion with a covered PVC or hydrochloric 
acid Isolated from the covered PVC because the above-described heater cable Is exposed to heat cycles and temper- 
ature elevates to approximately 100**C or so, and the heat-sensitive body such as a nylon 12 and nylon 11 is brought 

IS into contact with copper or a copper alloy which is a short wire or a heating wire, and those are brought into contact 
with a PVC cover at a clearance between wound short wires. 

[0048] The present inventors, as a result of an intensive investigation for solving the problems in the prior arts, have 
found out that a polyester block copolymer composition is not apt to be suffered by a combined thermal deterioration 
even under a circumstance in which it is brought Into contact with a metal such as copper and copper alloy and PVC, 

20 the composition is excellent in heat resistance and hydrolysis resistance, the composition is obtained by allowing to 
react a polyester copolymer with an epoxy compound after mixing a polyester block copolymer with a specified epoxy 
compound and a metal complex and heating and kneading, and the present invention No. IV has been completed. 
[0049] Purpose of the present invention Nos. V, VI, and VII is to provide a polyester block copolymer composition 
which has an excellent moldability, excellent heat resistance, and rubbery elasticity, and which can be applied to a 

25 variety of molding such as blow molding without any problems, 

[0050] The present inventors, as a result of an intensive investigation, have found out that a polyester block copolymer 
composition can solve the above-described problems by an elevated strain-hardening property, and the present in- 
vention Nos. V and VI have been completed. The polyester block copolymer composition is obtained by mixing a 
polyester block copolymer with an epoxy compound, and then, heating and kneading. The polyester block copolymer 

30 is obtfiined by copolymerizing through adding a multifunctional compound having three or more carboxylic groups or 
hydroxyl groups while allowing to react a crystalline aromatic polyester with lactones. 

[0051] The present inventors have found out that a polyester block copolymer composition can solve the above- 
described problems by an elevated strain-hardening property, and the present invention No. VII have been completed. 
The polyester block copolymer composition is obtained by adding an epoxy compound to a polyester block copolymer 
35 and heating in a solid phase. The polyester block copolymer is obtained by adding a specified amount of an aliphatic 
or aromatic multifunctional compound having a specified multifunctional group while allowing to react a crystalline 
aromatic polyester with lactones. 

[0052] That is, the present invention No. 1 relates to a method for the preparation of a polyester block copolymer 
(PI) characterized in that in. the method for the preparation of 100% by weight of the polyester block copolymer (P1) 
40 by allowing to react A% by weight of a crystalline aromatic polyester (A1) with B% by weight of lactones (B) (proviso 
that A+B=100). not less than (B+0.5)% by weight of lactones (B) are introduced into A% by weight of a crystalline 
aromatic polyester (A1), and not less than 0.5% by weight of unreacted lactones are remained with respect to 100% 
by weight of the polyester block copolymer (P1) after preparation of the copolymer 

[0053] The present Invention No. 2 relates to a method for the preparation of a polyester block copolymer (PI) as 
45 described in the present invention No. 1 . in which not less than (B+2.5)% by weight of the lactones (B) are introduced 
and not less than 2.5% by weight of unreacted lactones are remained with respect to 1 00% by weight of the polyester 
block copolymer (PI ) after preparation of the copolymer. 

[0054] The present invention No. 3 relates to a method for the preparation of a polyester block copolymer (P1) as 
described in the present invention No. 1 or 2, in which reaction proportion (A)/(B) of the crystalline aromatic polyester 
50 (A1 ) with respect to the lactones (B) is 95/5-20/80. 

[0055] The present invention No. 4 relates to a method for the preparation of a polyester block copolymer (PI) as 
described in any one of the present invention Nos. 1-3, in which the unreacted lactones are removed from the polyester 
block copolymer (PI ) after reaction. 

[0056] The present invention No. 5 relates to a method for the preparation of a polyester block copolymer (P1) as 
55 described in any one of the present Invention Nos. 1 -4. In which the unreacted lactones are continuously removed. 
[0057] The present invention No. 6 relates to a method for the preparation of a polyester block copolymer (P1) as 
described In any one of the present invention Nos. 1 -5, In which the crystalline aromatic polyester (A1 ) and the lactones 
(B) are continuously supplied into a reaction vessel and allowed to addition-polymerize, and the polyester block co- 
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polymer (P1) is continuously taken out. 

[0058] The present invention No. 7 relates to a method for the preparation of a polyester block copolymer (P1) as 
described In any one of the present invention Nos. 1 -6, in which the crystalline aromatic polyester (A1 ) is a polybutylene 
terephthalate. 

[0059] The present invention No. 8 relates to a method for the preparation of a polyester block copolymer (P1) as 
described in any one of the present invention Nos. 1 -7, In which the lactones (B) are caprolactone. 
[0060] The present invention No. 9 relates to a method for the preparation of a polyester block copolymer (PM ) having 
a high molecular weight characterized in that after having prepared the polyester block copolymer (PI) as described 
in any one of the present invention Nos. 1-8, it is further allowed to react in a solid phase. 

[0061] The present invention No. 10 relates to a method for the preparation of a polyester block copolymer (P'1) 
having a high molecular weight as described in the present invention No 9, in which reaction In a solid phase Is con- 
tinuously conducted. 

[0062] The present invention No. 1 1 relates to a polyester block copolymer composition (R) obtained by thennally- 
processing a polyester block copolymer composition (Q) obtained by melt-mixing 100 parts by weight of a polyester 
block copolymer (P) with 0.1-5 parts by weight of an epoxy compound (C) having one or more epoxy groups under an 
inert gas atmosphere and not less than 1 20**C in a solid phase, and further, at a temperature lower than a melting point 
of the polyester block copolymer composition (R) obtained. 

[0063] The present invention No. 12 relates to a polyester block copolymer composition (R) as described in the 
present invention No. 1 1 , characterized in that the polyester block copolymer (P) is a polyester block copolymer (PI) 
obtained by allowing to react a crystalline aromatic polyester (A1) with lactones (B). 

[0064] The present invention No. 13 relates to a polyester block copolymer composition (R) as described In the 
present invention No. 11 , characterized in that the polyester block copolymer (P) is a polyester block copolymer (P2) 
obtained by a polycondensation and/or ring-opening polymerization of monomer components constructing a crystalline 
aromatic polyester (A1); monomer components constructing a low crystalline polyester (A4); an aliphatic polyether 
(A2); and/or polylactone (A3). 

[0065] The present invention No. 1 4 relates to a polyester block copolymer composition (R) as described In any one 
of the present invention Nos. 11-13. characterized in that the epoxy compound (C) Is an epoxy compound (C2) having 
two or more epoxy groups. 

[0066] The present invention No. 1 5 relates to a polyester block copolymer composition (R) as described in any one 
of the present invention Nos. 11-14 which is obtained by themnally-processing the polyester block copolymer compo- 
sition (Q) at not less than 150*C and, moreover, at a temperature of 100- to 5®C-lower than a melting point of the 
polyester block copolymer composition (R). 

[0067] The present invention No. 1 6 relates to a polyester block copolymer composition (R) as described in any one 
of the present invention Nos. 11-15 which is obtained by further thennally-p recessing the polyester block copolymer 
composition (Q) after pre heating at a temperature less than a melting point of the polyester block copolymer composition 
(R) and, moreover, at a temperature of not more than 150'*C. 

[0068] The present invention No. 1 7 relates to a polyester block copolymer composition (R) as described in any one 
of the present invention Nos. 11-16 in which there are formulated at least one kind of compounds selected from the 
group consisting of a hindered phenol-based compound, a sulphur-based compound, a phosphorus-based compound, 
a phenyl amine-based compound, and a hindered amine-based compound. 

[0069] The present invention No. 1 8 relates to a polyester block copolymer composition (R) as described in any one 
of the present Invention Nos, 11-17, in which an acid value is not more than 0.5 mgKOH/g in the polyester block 
copolymer composition (R) and, moreover, a melting point (Tm(R)) of the composition (R) is not less than a 10**C-lower 
temperature than a melting point (Tm(P)) of the polyester block copolymer (P) which Is a raw material. 

Tm(P)-10*»C<Tm(R) 

[0070] The present invention No. 1 9 relates to a polyester block copolymer composition (R) as described In any one 
of the present invention Nos. 1 1 -1 8, In which a melt viscosity stability (MI(T. P. t-h1 0)/(M l(T, P, t)) is 0.5-2.0 in the polyester 
block copolymer composition (R). 

[0071] In the formula, the melt index (MI(T, P, t)) value is a value measured at a heating temperature (T), loading 
(P). and heating time of period (t) based on a method described in JIS K7210. Herein. T is a temperature higher than 
a 5**C-higher temperature than a melting point of the composition (R) and, It Is a minimum temperature of experimental 
temperatures described In Table 1 of the JIS K721 0, and P Is a value selected as ranging in 1 -30 g/1 0 minutes in the 
Ml value. The MI(T, P, t+1 0) Is a value in which the heating time of period is t+1 0 minutes in conditions of the T and P. 
[0072] The present invention No. 20 relates to a method for the preparation of a polyester block copolymer compo- 
sition (R) characterized in that there is thermally-treated a polyester block copolymer composition (Q) in which 100 
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parts by weight of a polyester block copolymer (P) Is thermally mixed with 0.1 -5 parts by weight of an epoxy compound 
(C) having at least one epoxy groups under an inert gas atmosphere and at not less than 1 20*^0 in a solid phase and 
a temperature less than a melting point of the obtained polyester block copolymer composition (R). 
[0073] The present invention No. 21 relates to a polyester block copolymer composition which comprises themnally- 
5 mixing 1 00 parts by weight of a polyester block copolymer (PI ) obtained by a reaction of a crystalline aromatic polyester 
(A1 ) and lactones (B) with 0.5-5.0 parts by weight of a mono or morefu notional epoxy compound (C) and 0.01 -3.0 parts 
by weight of a complex-formable agent for a metal (G). 

[0074] The present invention No. 22 relates to a polyester block copolymer composition as described in the present 
invention No. 21 , characterized in that the crystalline aromatic polyester (A1 ) is a polyester of an aromatic dicarboxylic 
acid which Is an essential acid component (a) and an aliphatic dicarboxylic acid and/or a cycloaliphatic dicarboxylic 
acid which are optionally added with an aliphatic diol, an aromatic diol. and/or a cycloaliphatic diol which are a diol 
component (b). 

[0075] The present invention No. 23 relates to a polyester block copolymer composition as described in the present 
invention No. 21, in which the crystalline aromatic polyester (A1) contains not less than 50% by weight of total of 
*5 butylene terephthalate and ethylene terephthalate units. 

[0076] The present invention No. 24 relates to a polyester block copolymer composition as described in any one of 
the present invention Nos. 21-23, in which a copolymerization proportion (A1/B) of the crystalline aromatic polyester 
(A1 ) with the lactones (B) is 97/3-50/50 by weight. 

[0077] The present invention No. 25 relates to a polyester block copolymer composition as described in any one of 
20 the present invention Nos. 21 -24, in which the epoxy compound (C) is a glycidyl type epoxy compound, a compound 
shown by any one of general fomriulae (l)-(V) described below, and a mixture thereof. 
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(in the formulae, R1 , R2, R3 are an alkyi group and, at least one of those are a nnethyl group, and total thereof is 8 

10 pieces. Further, "n" is 0-5.) 

[0078] The present Invention No, 26 relates to a polyester block copolymer composition as described in any one of 
the present invention Nos. 21-25, in which the complex-fomnable agent for a metal (G) Is at least one kind selected 
from the group consisting of an oxalic acid derivative, a salicylic acid derivative, and a hydrazlde derivative. 
[0079] The present invention No. 27 relates to a heat-sensitive body for a heater cable composed of a polyester 

'5 block copolymer composition as described in any one of the present invention Nos. 21 -26. 

[0080] The present invention No. 28 relates to a polyester block copolymer composition which comprises, in obtaining 
the polyester block copolymer composition by allowing to react the crystalline aromatic polyester (A1 ) with the lactones 
(B), adding and thermally-kneading 0.5-5.0 parts by weight of an epoxy compound (C) having one or more pieces of 
epoxy groups (including at least 0.2 part by weight of two or more functional epoxy compound) and 0-2.0 parts by 

^ weight of a carisodiimide compound (E) to 1 GO parts by weight of a polyester block copolymer (P3) obtained by allowing 
to react 0.1-100% by mol at least three pieces of at least one kind of a multifunctional compound (D) having at least 
three pieces of cariaoxylic group (i), hydroxyl group (ii), and/or an ester-formable group therefrom (iii) with 100% by 
mol of a crystalline aromatte polyester (A1). 

[0081] The present invention No. 29 relates to a polyester block copolymer composition which comprises, in obtaining 
?5 the polyester block copolymer composition by allowing to react the crystalline aromatic polyester (A1 ) with the lactones 
(B), adding and thermally-kneading 0.1-5.0 parts by weight of at least one kind of an epoxy compound (C) having one 
or more pieces of epoxy groups and 0-2.0 parts by weight of a cariDodiimide compound (E) to 100 parts by weight of 
a polyester block copolymer (P3) obtained by allowing to react 0.1-200% by mol of at least one of a multifunctional 
compound (D) having at least three pieces of cartDoxylic group (i), hydroxyl group (ii), and/or an ester-formable group 
^0 therefrom (iii) with 1 00% by mol of a crystalline aromatic polyester (A1 ). 

[0082] The present invention No. 30 relates to a polyester block copolymer composition as described in the present 
invention No. 28 or 29, in which the crystalline aromatic polyester (A1) is a polyester of an aromatic dicariDoxylic acid 
which is an essential acid component (a) and an aliphatic dicariaoxylic acid and/or a cycloaliphatic dicarboxyllc acid 
which are optionally added with an aliphatic diol, an aromatic diol, and/or a cycloaliphatic diol which are a diol component 



[0083] The present invention No. 31 relates to a a polyester block copolymer composition as described in any one 
of the present invention Nos. 28-30. in which the crystalline aromatic polyester (A1) contains not less than 50% by 
weight of total of butylene terephthalate and/or ethylene terephthalate units. 

[0084] The present invention No. 32 relates to a polyester block copolymer composition as described in any one of 
the present invention Nos. 28-30, in which a copolymerization proportion of the crystalline aromatic polyester (A1 ) with 
the lactones (B) is the same proportion as described in the present invention No. 24. 

[0085] The present invention No. 33 relates to a polyester block copolymer composition as described in any one of 
the present invention Nos. 29-32, in which at least one kind of the multifunctional compound (D) contains carboxyllc 
group (i) or an ester-formable group therefrom. 

[0086] The present invention No. 34 relates to a polyester block copolymer composition as described in any one of 
the present invention Nos. 28-33. in which the epoxy compound (C) is the same compound as described in the present 
invention No. 25. 

[0087] The present invention No. 35 relates to a polyester block copolymer composition as described in any one of 
the present Invention Nos. 28-34, which is employed for blow molding. 

[0088] The present invention No. 36 relates to a polyester block copolymer composition (R) which comprises, in 
obtaining the polyester block copolymer composition by allowing to react the crystalline aromatic polyester (A1) with 
the lactones (B), heating a polyester block copolymer composition (Q) in a solid phase, and the composition (Q) is 
obtained by formulating and melt-mixing 0.1 -5.0 parts by weight of an epoxy compound (C) having one or more pieces 
of epoxy groups with 1 00 parts by weight of a polyester block copolymer (P) obtained by allowing to react 0,1-200% 
by mol of at least one kind of a multifunctional compound (D) having at least three pieces of cartDoxyllc group (i). 
hydroxyl group (ii), and/or an ester-fonnable group therefrom (iii) with 100% by mol of a crystalline aromatic polyester 
(A). 

[0089] The present invention No. 37 relates to a polyester block copolymer composition (R) as described in the 
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present invention No. 36, in which the nnultifunctional compound (D) contains at least one of carboxylic group (i) or an 
ester-fomnable group therefrom. 

[0090] The present invention No. 38 relates to a polyester block copolymer composition (R) as described in the 
present invention No. 36 or 37, in which the epoxy compound (C) contains at least one kind of a bifunctional epoxy 
compound. 

[0091] The present invention No. 39 relates to a polyester block copolymer composition (R) as described in any one 
of the present invention Nos. 36-38. in which the polyester block copolymer composition (R) has an acid value of not 
more than 0.5 mgKOH/g and, moreover, a melting point Tm(R) is not more than a temperature of 5**C-lower than a 
melting point Tm(P) of the polyester block copolymer (P) before adding the epoxy compound, that is, Tm(R)>Tm(P)- 
5*C. 

[0092] The present invention No. 40 relates to a polyester block copolymer composition as described in any one of 
the present invention Nos. 36-39, in which a melt viscosity stability (MNB)/(MI-A) is 0.5-2.0 which is calculated from 
an Ml value (Ml-A) in the polyester block copolymer composition (R) and an Ml value (Ml-B) after heating for 1 0 minutes 
at a temperature selected so as to be a lower temperature in the temperature described In JIS K7210 which Is a 
temperature of 5**C-higher than Tm(R). 

[0093] The present invention No. 41 relates to a polyester block copolymer composition as described in any one of 
the present invention Nos. 36-40, which is a composition for blow molding. 

[0094] The present invention No. 42 relates to a method for the preparation of a polyester block copolymer compo- 
sition (R) characterized in that in obtaining the polyester block copolynrier composition by allowing to react the crystalline 
aromatic polyester (A) with the lactones (B), there is heated a polyester block copolymer composition (Q) in a solid 
phase, and the composition (Q) is obtained by fomnulating and melt-mixing 0.1-5.0 parts by weight of an epoxy com- 
pound (C) having one or more pieces of epoxy groups with 100 parts by weight of a polyester block copolymer (P) 
obtained by allowing to react 0.1-200% by mol of at least one of a multifunctional compound (D) having at least three 
pieces of carboxylic group (i), hydroxy! group (ii), and/or an ester-fomnable group therefrom (ill) with 100% by mol of 
a crystalline aromatic polyester (A). 

[0095] The present Invention No. 43 relates to a method for the preparation of a polyester block copolymer as de- 
scribed in the present invention No. 42, in which heating is conducted in a solid phase at conditions of from a temperature 
lower than a melting point in a solid phase of the polyester block copolymer composition (R) to a temperature higher 
than a glass transition temperature under an inert gas atmosphere and, moreover, heating is conducted at a temper- 
ature (Ta) higher than 120**C. 

Tg<Ta<Tm (R), 

and 



120«C<Ta 

[0096] The present invention No. 44 relates to a method for the preparation of a polyester block copolymer as de- 
scribed In the present invention No. 42, in which the temperature heating in a solid phase is 100- to 5C*-lower than a 
melting point in a solid phase of the polyester block copolymer composition (R) and, moreover, heating Is conducted 
at a temperature (Ta) higher than 150^*0. 

Tm(R)-100*»C^Ta<Tm(R)-5*C, 

and 



150*C^Ta 

[0097] The present invention No. 45 relates to a method for the preparation of a polyester block copolymer as de- 
scribed in any one of the present Invention Nos. 42-44, In which heating is conducted in a solid phase at conditions of, 

(1) a temperature ranges from a temperature lower than a melting point of the polymer to a temperature higher 
than a glass transition temperature in a solid phase and, moreover, preheating is conducted at a lower temperature 
than 150*»C and a temperature (Tb) lower than Ta, and then, 
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(2) a temperature ranges from a temperature lower than a melting point of the polymer to a temperature higher 
than a glass transition temperature in a solid phase and. moreover, heating is conducted at a temperature higher 
than 120*»C, 

5 Preheating temperature Tb 

Tg<Tb<Tm(R), 
Tb<150*»C, and 
Tb<Ta 

Heating temperature Ta 
10 Tg<Ta<Tm(R), and 

120*»C<Ta 

BRIEF DESCRIPTION OF DRAWINGS 

IS [0098] Figure 1 is an outlined drawing which shows an example of a structure in a heater cable. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0099] Hereinafter, the present invention No. I will be illustrated in detail. 

20 [0100] The polyester block copolymer (PI ) obtained in the present invention, If it is a copolymer having a hard seg- 
ment primarily containing the crystalline aromatic polyester (A1 ) and at least partially having a polylactone segment 
fonned by a reaction of the lactones (B), is not particularly limited and, further, in addition to an aliphatic polyether and 
an aliphatic polyester, it may even contain one or more kinds selected from a polyester composed of a combination of 
an aromatic dicart)Oxylic acid, an aliphatic dicarboxylic acid, or an oxycarboxylic acid with glycols having a carbon 

25 number of 2-12, and which has a lower melting point than that of the crystalline aromatic polyester (A1) as other 
copolymer segments. 

<Cfystalline aromatic polyester (A1)> 

30 [0101] The crystalline aromatic polyester (A1) is a polyester of an aromatic dicariaoxylic acid which Is an essential 
component and, an aliphatic dicariDoxylic acid and/or a cycloaliphatic dicariDoxylic acid which are optionally added as 
an acid component (a) with an aliphatic diol, an aromatic diol, and/or a cycloaliphatic diol, and which is a polymer 
mainly having an ester bond, and which has hydroxyl group and/or carboxylic group, preferably, hydroxy! group at the 
molecular terminals. 

35 

<Acid component (a)> 

[0102] As the acid component (a) which constructs the crystalline aromatic polyester (A1), for example, there are 
specifically enumerated terephthalic acid, Isophthalic acid, 2,6-naphthalene dicarboxylic acid, biphenyl dicarboxylic 
40 acid, etc., which are an aromatic dicarboxylic acid, and an ester thereof. 

[0103] Further, as the aliphatic dicarboxylic acid which is optionally added, a dicariDoxylic acid having a carbon 
number of 2-20 is appropriate and, for example, there are specifically enumerated succinic acid, glutaric acid, adipic 
acid, azelaic acid, sebasic acid, dodecanoic diacid, and a dimer acid, etc. 

[0104] Further, as the cycloaliphatic dicarboxylic acid, for example, 1 ,4-cyclohexane dicarboxylic acid, etc. is enu- 
45 merated. 

[0105] The dicariDoxylic acids, in the case of employing as a raw material, may be even an ester, a chloride of an 
acid, and an anhydride. 

<Diol component (b)> 

50 

[0106] As the diol component (b) for the crystalline aromatic polyester(AI), for example, there are specifically enu- 
merated 1 ,4-butanediol, 1 ,3-butanediol, 1 ,2-butanediol, ethyleneglycol, propylene glycol, 1 ,2-propanediol, 1 ,3-propan- 
ediol, 1 .5-pentanediol, 3-methyl-1.5-pentanediol, 1 ,9-nonanediol. 1,6-hexanediol. neopentyl glycol, and a polymethyl- 
ene glycol, etc. which are an aliphatic diol. 
55 [0107] Further, as the aromatic diol, for example, there are enumerated hydroquinone. resorcinol, naphthalene diol, 
2,2-bis(4.-hydroxyphenyl)propane, an adduct of ethylene oxide and propylene oxide, etc. to bisphenol A, for example, 
2,2-bis(4-hydroxyethoxyphenyl)propane, 2.2-bis(4-hydroxydiethoxyphenyl) propane,2,2-bis(4-hydroxytriethoxyphe- 
nyl)propane,and 2,2-bis(4-hydroxypolyethoxyphenyl)propane, etc. 
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[01 08] Still further, as the cycloallphatic diol, for example, there are enumerated 1 ,4-cyclohexane diol, 1 ,4-cyclohex- 
ane dimethanol. 2,2-bis(4-hydroxyethoxycyclohexyl)propane, and an adduct of ethylene oxide and propylene oxide, 
etc. to hydrogenated bisphenol A, etc. 

[0109] As the crystalline aromatic polyester (A1), for example, there are specifically enumerated a polyethylene 
5 terephthalate, polybutylene terephthalate. poly-1 .4-cyclohexylene dimethylene terephthalate, a polyethylene- 
2,6-naphthalate, and a potybuty!ene*2,6-naphthalate, etc. Further, there can be also enumerated a copolymerized 
polyester in which there are further copolymerized an aliphatic dicarboxylic acid unit such as isophthalic acid, adipic 
acid, sebasic acid, and dodecanoic diacid, and p-oxybenzoic acid unit with a mixture of the polyesters and the poly- 
esters. Of those, polybutylene terephthalate is particularly preferred because of an excellent crystal Unity. 
10 [01 1 0] As the crystalline aromatic polyester (A 1 ) , there may be employed ones produced in a melting state by publicly- 
known methods without any modifications, or there may be even employed ones melted again after having once molded 
into a solid such as pellets and, further, there may be even employed ones melted after having added the lactones (B) 
described below. 

'5 <Lactones (B)> 

[0111] The lactones (B), if those are a cyclic ester which can be ring-opened, are not particularly limited, and there 
are enumerated a variety of 4 to 12-membered lactonesj glycolide, lactlde, and a mixture thereof, etc. Of those, there 
are preferred e-caprolactone, 6-valerolactone, p-propiolactone, glycolide. and an alkylated product thereof, for example, 
20 p-methyl-8-valerolactone, and lacttde, etc. Particularly, e-capro lactone is prefen-ed from a viewpoint of a thermal sta- 
bility, a reactivity with the crystalline aromatic polyester, and profitability. 

[0112] As use proportion of both in a reaction of the crystalline aromatic polyester (A1) with the lactones (B). (crys- 
talline aromatic polyester (A1 ))/(lactones (B)) ranges in preferably 95/5-20/80, and more preferably 90/1 0-30/70. In the 
case that the crystalline aromatic polyester (A1) exceeds the upper limit of the use proportion, physical properties as 
a noncrystallinlty or low crystallinity resin are insufficient in a polyester block copolymer (P1) obtained and. contrarily, 
in the case that it is less than the lower limit of the use proportion, flexibility is unpreferably insufficient as an elastomer 
resin. 

[0113] In the present invention No. I, (B+0.5)% by weight of lactones (B) are introduced into A% by weight of a 
crystalline aromatic polyester (A1 ) and, B% by weight of lactones (B) is allowed to react with A% by weight of a crystalline 
aromatic polyester (A1 ) to obtain 1 00% (herein, A+B=1 00) by weight of the polyester block copolymer (P1 ), whereby, 
not lass than 0.5% by weight of unreacted lactones (B) are remained in 100% by weight of the copolymer (P1) after 
having prepared the polyester block copolymer (P1). 

[01 1 4] The above value of not less than 0.5% by weight is an amount of the unreacted lactones (B) which still remain 
in a period at which there completely temninates a reaction of A% by weight of the crystalline aromatic polyester (A1 ) 
with B% by weight of the lactones (B) which are raw materials, and it is a value selected as a basic value of (A+B=1 00) 
% by weight. In a higher value exceeding 0.5% by weight, reaction rate becomes quick. In the case of less than 0.5% 
by weight, reaction rate becomes remarkably low, resulting in that practicability is lost. 

[0115] It is to be noted that the above-described unreacted lactones are a portion of the lactones employed in the 
reaction, and those remain after the reaction and, those mean the lactones having a same chemical structure as that 
40 of the lactones employed. 

[01 16] Usually, although cyclic esters are themnally produced again after once having reacted, or fonri a dimer and 
a trimer having a reactivity, those have a same structure as that in the raw materials, and the unreacted lactones do 
not include the dimer and the trimer. Reaction mass including the polyester block copolymer (P1) obtained in the 
reaction is analyzed by a variety of methods (there is enumerated a gas chromatographic analysis described herein- 
45 after), and residual components actually observed are the unreacted lactones. 

[0117] In the present invention No. I, the polyester block copolymer (P1), as described hereinabove, contains the 
hard segment based on the crystalline aromatic polyester (A1 ) and the segment based on the lactones (B), and it may 
further contain even other copolymer segments. A more specific method for the preparation thereof includes a com- 
bination of the aliphatic polyether {A2y, the polylactone (A3); and the aromatic dicarboxylic acid, the aliphatic dicart)o- 
xylic acid or aliphatic oxycarboxylic acid with glycols having a carbon number of 2-12. and there may be even employed 
a noncrystalline or low crystalline polyester (collectively referred to as a low crystalline polyester (A4)) which is p repared 
so as to not show an actual melting point in a state introduced into the block copolymer together with the crystalline 
aromatic polyester (A1) and the lactones (B) described hereinabove. 

[01 18] As the aliphatic polyether (A2), there are enumerated a polyethylene glycol, a polytetramethylene glycol, and 
a polypropylene glycol, etc. Of those, the polytetramethylene glycol is particulariy prefen^ed because of an excellent 
stability and flexibility. 

[0119] The polylactone (A3) is a polymer prepared by a ring-opening polymerization of the lactones (B). there are 
specifically enumerated a polybutyrolactone, a polyvalerolactone, a polycaprolactone, a polyenantolactone, and a poly- 
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caprylolactone, etc. Of those, the polycaprolactone is preferred from a viewpoint of stability. 

[0120] The low crystalline polyester (A4) is an aliphatic polyester composed of a combination of the aliphatic dicar- 
boxylic acid or aliphatic oxycarboxylic acid with the glycols having a carbon number of 2-12 and, specifically, there are 
enumerated a polybutylene succinate, a poly-1 ,6-hexanediol succinate, and a poly-1 ,6-hexanediol adipate, etc. Of 

5 those, the poly-1 ,6-hexanediol adipate is preferred from a viewpoint of stability. 

[0121] The low crystalline polyester (A4) is a low crystalline polyester which is prepared so as to not show an actual 
melting point in the block copolymer composed of a combination of the aromatic dicarboxylic acid, aliphatic dicarboxyllc 
acid or aliphatic oxycarboxylic acid with the glycols having a carbon number of 2-12 and, specifically, It is a polyester 
synthesized by allowing to polycondense or ring-opening polymerize the aromatic dicarboxylic acid such as terephthalic 

10 acid, isophthalic acid, and phthalic acid and an ester-formable derivative thereof, the aliphatic dicarboxylic acid having 
a carbon number of 2-12 or an ester-formable derivative thereof, the diol having a carbon number of 2-12 or an ester- 
formable derivative thereof, and the aliphatic oxycarboxylic acid with the glycols having a carbon number of 2-12 with 
4- to 7-membered lactones. 

15 <Polyester block copolymer (PI )> 

[0122] In the above-descriptions, it is essential that the amount of the lactones (B) to be introduce is not less than 
(B+0.5)% by weight with respect to A% by weight of the crystalline aromatic polyester (A1), and the amount of the 
unreacted lactones is not less than 0.5% by weight. Preferably, the amount of the lactones (B) to be introduce is not 

20 less than (B+1.0)% by weight, and the amount of the unreacted lactones is not less than 1.0% by weight and, more 
preferably, the amount of the lactones (B) to be introduce is not less than (B+2.5)% by weight, and the amount of the 
unreacted lactones is not less than 2.5% by weight. In the case of being less than 0.5% by weight, a melting point 
lowers in the polyester block copolymer (P1) obtained and, further, quantity of heat to fuse decreases, particularly, a 
fusing peak gets abroad to a side of a lower melting point. On the other hand, in the case that the unreacted lactones 

25 exceeds 0.5, the amount is particularly limited, volatile components increase in the case that the polyester block co- 
polymer (P1) is molded into pellets, resulting in that a working circumstance becomes worse and it becomes difficult 
to remove the unreacted lactones. Accordingly, it is preferred in not more than 20% by weight, and particularly not 
more than 1 0% by weight. 

[01 23] In the reaction of the crystalline aromatic polyester (A1 ) with the lactones (B), although catalysts for a reaction 

30 may be employed, the reaction may be even conducted in the absence of the catalysts. 

[0124] As the catalysts, there can be employed a catalyst for esterification reaction, a catalyst for a transesterification 
reaction and a catalyst for a ring-opening polymerization of lactones which are publicly-known and, specifically, there 
are enumerated metals such as lithium, potassium, sodium, magnesium, calcium, barium, zinc, aluminum, titanium, 
cobalt, germanium, tin, antimony, cadmium, manganese, and zirconium, and organic metal compounds thereof, oxides, 

35 organic acid salts, alcolates, and alkoxides, etc. Particularly, there are preferred the organic metal compounds of tin, 
aluminum, titanium, zirconium, germanium, antimony, and cobalt, the oxides, organic acid salts, alcolates, and alkox- 
ides, etc. It is to be noted that the catalysts may be even employed in combination of two or more kinds. 
[0125] Temperature in the case that the crystalline aromatic polyester (A1 ) is allowed to react with the lactones (B), 
if it Is those can react in a unifomily mixed state under agitation, Is not limited. In the case that the crystalline aromatic 

40 polyester (A1 ) can be dissolved in the lactones (B), those can be sufficiently agitated at a temperature being not more 
than a melting point of the crystalline aromatic polyester (A1). However, in the case that it does not dissolve in the 
lactones (B) at a temperature being less than the melting point, since a decomposition reaction, etc. of the crystalline 
aromatic polyester (A1) proceed by heating depending upon the temperature, resulting in that there become worse 
physical properties in the polyester block copolymer (PI) obtained. 

45 [01 26] Accordingly, the reaction temperature preferably ranges in 20*C-lower temperature and 50*'C-higher temper- 
ature than a melting point of the crystalline aromatic polyester (A1 ) to be employed. If it is the temperature range, there 
can be manifested an effect in the present Invention even in any temperature. 

[0127] Reaction time of period in the reaction of the crystalline aromatic polyester (A1) with the lactones (B) is not 
particularly limited, if it Is a range of a reaction time of period during which the polyester block copolymer (PI ) can be 
50 prepared by allowing to react both compounds and there can be actualized a method for the preparation thereof in 
which the amount of the unreacted lactones remained in the polyester block copolymer (PI) after the reaction can be 
controlled in not less than 0.5% by weight. 

[01 28] The reaction time of period in order actualize a method for the preparation for satisfying conditions in relation 
to the present invention varies depending upon temperature, conditions of agitation, and catalysts, etc., and it is usually 
55 2-300 minutes, more preferably 5-120 minutes because productivity becomes worse by a long time reaction of period. 
[0129] As an atmosphere in the case of allowing to react the crystalline aromatic polyester (A1) with the lactones 
(B), an inert gas atmosphere is basically preferred, or a compressed atmosphere not substantially having a gas phase 
portion is preferred. Color hue, molecular weight, and hydrolysis resistance, etc. in a resin become worse by the pres- 



13 



BNSDOCID: <EP. 



.1120432A1J_> 



EP 1 120 432 A1 



ence of oxygen and moisture. 

[0130] Pressure in the reaction of the crystalline aromatic polyester (A1) with the lactones (B) widely ranges from 
an ordinary pressure to 200 kg/cmg or so depending upon a shape of the reaction apparatus. In the case that a reaction 
system Is under a compressed state, it is required to prevent a leak of oxygen and moisture from outside, and it is 
prefen-ed to in advance remove gasses and moisture in the crystalline aromatic polyester (A1) with the lactones (B) 
by publicly-known methods. Specifically, the removal is conducted by combination of a treatment for reducing pressure, 
purging of an Inert gas, and drying operation. In all cases. It is more preferred In the presence of a smaller amount of 
oxygen and moisture. 

[0131] An apparatus for the reaction of the crystalline aromatic polyester (A1 ) with the lactones (B) is not particularly 
limited, if it is an apparatus in which there can be applied a variety of reaction conditions which include a feed of raw 
materials and an inert gas, etc., heating, compressing, mixing and agitation, and discharge, etc. 
[01 32] As a reaction apparatus for batchwise. there Is employed a tank-type reaction vessel equipped with agitating 
blades, It is required that a most appropriate shape of the agitating blades is selected by reaction conditions to be 
conducted and. usually, a double-helical ribbon blade and a twisted lattice-shape blade, etc are preferred. As a con- 
tinuous reaction apparatus, there can be employed an apparatus, etc. which is excellent in mixing, formation of free 
surface, and a surface-renewal property in spite of an extruder having one or two agitating rods or a same shape. 
Further, a static mixer, etc. is appropriate, and these may be employed in combination of two or more kinds. 
[0133] From the polyester block copolymer (P1) obtained by allowing to react in a variety of modes as described 
hereinabove, unreacted lactones can be removed. Even though an operation for removing is conducted, there suffi- 
ciently manifests an elevation of a thermal property in the polyester block copolymer (P1) as an effect by a method for 
the preparation in relation to the present Invention. 

[0134] Removal of the unreacted lactones remained In the polyester block copolymer (PI) can be actualized by 
reducing a pressure under heating or streaming an inert gas, etc. 

[0135] In the removal of the unreacted lactones remained, heating temperature is not particularly limited because of 
being capable of conducting at a condition of agitating the polyester block copolymer (PI) in a melted state, or even 
in a state molded Into pellets or powder. In the case of conducting in a melted state, there is preferred a temperature 
selected from a range of 5- to 50*C-hlgher temperature than a melting point of the polyester block copolymer (PI). In 
the case of exceeding 50*C, a decomposition reaction thermally proceeds, and physical properties as a resin become 
worse In the polyester block copolymer (P1 ). On the other hand, in the case of conducting in a state molded into pellets 
or powder, there Is preferred a temperature range of 5- to 1 00'»C-iower temperature than a melting point of the polyester 
block copolymer (P1) in consideration of avoidance of a blocking problem accompanied by heating between pellets or 
powder. 

[0136] specifically, it is preferably selected within a range of 100-280*C. 

[0137] In the removal of the unreacted lactones remained, a pressure in the case of conducting under a reduced 
pressure is basically more preferred in a lower range, and it is preferably not more than 200 torr, and more preferably 
0.1-50 torr in consideration of profitability. 

[0138] On the other hand, In the case of conducting under an Inert gas atmosphere which Is not under a reduced 
pressure, including a case of conducting under streaming the gas, there Is preferably employed a typical Inert gas such 
as nitrogen, argon, and helium. However, in the case of capable of maintaining the polyester block copolymer (PI) at 
a sufficiently low temperature and in the case that a reaction thermally-deteriorated by oxygen does not become prob- 
lematic, air can be also employed. Also in the case, It is more preferred to remove moisture in a state as low as possible. 
[0139] As an apparatus for removing the unreacted lactones remained, If it is an apparatus by which the unreacted 
lactones can be taken out of a system In a volatile state, it is not particularly limited. 

[0140] For example, a batchwise tank-type reaction vessel may be even maintain in a reduced pressure state, and 
there may be continuously or batchwise employed an apparatus having one or more agitating rods for agitation, surface 
renewal, and surface formation in a horizontal or vertical column-type reaction vessel. Further, two or more sets of the 
apparatuses may be employed In combination. In a solid state, there can be also employed either a column-type 
apparatus such as a hopper dryer, or an apparatus in which a tank-type reaction vessel can be vibrated or rotated. 
[0141] Conditions such as the above-described reaction, temperature, pressure, agitation in relation to the removal 
of the unreacted lactones may be optionally appropriately modified without being maintained until tenninatlon of an 
actual synthesis of the polyester block copolymer (P1) or temnlnation of the removal of the unreacted lactones. 
[0142] In the case of a method for the preparation in which a batchwise apparatus is employed, since resins are 
gradually taken out, and the unreacted lactones are occasionally removed, although an amount of the unreacted lac- 
tones fluctuates in every taking out, the amount of the above-described unreacted lactones remained Is a weighted 
mean value In an amount of unreacted lactones in every resins taken out. On the other hand, In the case that a removal 
operation of the unreacted lactones Is conducted in an identical apparatus from a total reaction mass without gradually 
taking out resins after a reaction in which a batchwise apparatus is employed, the amount is shown by an amount of 
the unreacted lactones immediately before conducting a removal operation. 
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[01 43] In the case that the crystalline aromatic polyester is allowed to react with the lactones in a continuous reaction 
apparatus, the amount shows an amount of the unreacted lactones in resins continuously taken out. After that, there 
is conducted a removal operation of the unreacted lactones. 

[0144] An effect by the present invention becomes higher in the case that at least partial step, particularly, a polym- 
erization step is continuously conducted. This depends upon that it is easy to constantly maintain the amount of the 
unreacted lactones in relation to the present invention in the continuous polymerization process. 
[0145] In the present invention, the reaction of the crystalline aromatic polyester (A1) with the lactones (B) may be 
even conducted under the presence of an antioxidant and a themial stabilizer, etc. 

[0146] Such the compounds may be added at any one of an initial period of the reaction, during the reaction, and a 
final period of the reaction. Further, there may be simultaneously or separately added additives such as pigments, a 
weatherability agent, a metal-capping agent, fillers, and a modifier together with the above-described additives. 
[0147] The polyester block copolymer (PI ) obtained by the present invention No. I can be employed in every uses 
such as parts for cars, parts for electric equipments, and industrial goods which are molded by molding methods such 
as injection molding, extrusion molding, and blow molding, etc. and, particularly, it is preferably employed for uses such 
*5 as a fusibly-cutting layer in a heater cable in which properties in melting are important. - 
[0148] Hereinafter, the present Invention No. II will be illustrated in detail. 

[0149] As described hereinabove, there may be highly-polymerized a reaction mass of the polyester copolymer (P1) 
obtained by the reaction of the crystalline aromatic polyester (A1 ) with the lactones (B) in the present invention No. I 
in which a fixed amount of the unreacted lactones are remained by a polycondensation of the the polyester block 
copolymer (P) in a solid phase while removing the unreacted lactones, or the reaction mass may be even highly- 
polymerized by a polycondensation while balancing the reaction of the polyester copolymer with the unreacted lactones 
in a solid phase without removing the unreacted lactones. 
[0150] In the case of removing the unreacted lactones remained the reaction mass of the polyester block copolymer 
(PI), there can be applied the method for removing the unreacted lactones, apparatus, and conditions described in 
25 the present invention No. I. 

[0151] In the second step, reaction in the solid phase is conducted at a temperature not more than a melting point 
of a polyester block copolymer having a high molecular weight (P'1) obtained, and it is preferably conducted at not 
more than 5**C-lower temperature than a melting point of the polyester block copolymer (P'1 ) and not less than 1 30**C 
for the purpose of allowing to proceed a polycondensation reaction while avoiding a problem such as blocking, and 
more preferably at not more than 20**C-lower temperature than the melting point and not less than 150*C. 
[0152] In the polycondensation in a solid phase, an atmosphere may be any one of under a reduced pressure or 
streaming a gas and, as the gas, there are preferred inert gases such as nitrogen, argon, and helium. 
[0153] In the case that the gas pressure In the atmosphere is in a reduced pressure, it is more preferred in as lower 
pressure as possible, and it preferably ranges in not more than 200 torr, and more preferably 0.01-50 ton-. 
35 [0154] Since moisture and oxygen in the inert gases make physical properties of resins worse, a smaller amount is 
more prefen-ed, and those can be removed by publicly-known means. Reaction time of period in a solid phase can be 
freely selected by physical properties of resins obtained, and it usually ranges in 1-50 hours, preferably 6-35 hours, 
and more preferably 1 0-24 hours. 

[0155] As an apparatus for allowing to react in a solid phase, if it is an apparatus by which the above-described 
operation can be conducted, it Is not particularly limited. For example, there can be also employed either a column- 
type apparatus such as a hopper dryer, or an apparatus in which a tank-type reaction vessel can be vibrated or rotated. 
A more preferred operation can be conducted by separately arranging an apparatus for removing moisture and alcoholic 
components such as glycols produced by heating and residual volatile components such as unreacted lactones con- 
tained in the resins. 

[0156] In the case of continuously conducting partial steps, particulariy, a step for obtaining the polyester block co- 
polymer (P'1) and a succeeding solid-phase reaction step, an effect by the present invention No. II becomes higher. 
This depends upon that it becomes easy to constantly maintain the amount of the unreacted lactones contained in the 
polyester block copolymer (P'1) in the continuous steps. 

[0157] In the present invention, from the polyester block copolymer having a high molecular weight obtained by 
allowing to react as described hereinabove, unreacted lactones can be also removed. Even though such an operation 
is conducted, there sufficiently manifests an effect for elevating a thermal property in the polyester block copolymer 
having a high molecular weight by a method for the preparation in relation to the present invention. It Is to be noted 
that since the amount of the unreacted lactones remained In the polyester block copolymer before being moved to the 
solid-phase reaction step has influence upon physical properties of the polyester block copolymer having a high mo- 
lecular weight obtained, a preferred polyester block copolymer is obtained by in advance adding a fixed amount of 
lactones with respect to the crystalline polyester (A), and there can be adjusted a proportion of units based on the 
crystalline polyester (A) with respect to units based on the lactones (B) in the copolymer. 

[01 58] As a method, etc. for removing the unreacted lactones from a reaction product of the polyester block copolymer 
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having a high molecular weight (P'1), there can be applied a variety of methods, apparatuses, and conditions employed 
for removing the unreacted lactones from the polyester block copolymer (P1) prepared in the first step of the present 
invention No. I, and the method, etc. may be different from the methods employed for removing the unreacted lactones 
from the polyester block copolymer (PI ). 

[0159] The above reaction and conditions for removing the unreacted lactones can be adjusted by changing tem- 
peratures, pressures, and agitating conditions, etc. until the polyester block copolymer having a high molecular weight 
(P'1) is actually obtained and the removal of the unreacted lactones temriinates. 

[0160] The polyester block copolymer having a high molecular weight (P'1 ) obtained by the present invention No. II 
can be employed in every uses such as parts for cars, parts for electric equipments, and industrial goods which are 
molded by molding methods such as injection molding, extrusion molding, and blow molding, etc. and. particularly, it 
is preferably employed for uses such as a fusibly-cutting layer in a heater cable In which properties in melting are 
important. 

[0161] Hereinafter, the present invention No. Ill will be illustrated in detail. 

[0162] In the polyester block copolymer (P) to be employed in the present invention No. Ill, a method for the prepa- 
ration thereof is not particularly limited, if it is a polyester block copolymer containing a hard segment which is a crys- 
talline aromatic polyester and a soft segment which is a copolymer component composed of an aliphatic polyether; a 
polylactone; and an aliphatic polyester, or a copolymer component composed of a combination of an aromatic dicar- 
boxylic acid, an aliphatic dicarboxylic acid, and an aliphatic oxycarboxylic acid with glycols having a carbon number of 
2-1 2, and the copolymer component is combined by at least one or more kinds selected from polyesters having a lower 
melting point than that of the crystalline aromatic polyester which constructs the hard segment. 
[0163] One of the polyester block copolymer (P) is a polyester block copolymer (PI) which is obtained by a reaction 
of the crystalline aromatic polyester (A1 ) with the lactones (B). As the copolymer (PI ), there can be also employed the 
polyester block copolymer (PI ) or the polyester block copolymer having a high molecular weight (P'1 ) shown in the 
present inventions No. I and No. II. 

[0164] Another one of the polyester block copolymer (P) may be a polyester block copolymer (P2) which is obtained 
by a condensation and/or ring-opening polymerization of monomercomponents which construct the crystalline aromatic 
polyester (A1). monomercomponents which construct a low crystalline polyester (A4); an aliphatic polyether (A2); and/ 
or a polylactone (A3). 

[0165] As a method for the preparation of the polyester block copolymer (P), for example, there may be a method 
by a polycondensation of a dicarxoxylic acid component or an ester-formable derivative with a diol component, or an 
ester-formable derivative under the presence of a polymer constructing the soft segment In advance prepared or, even 
a method by a polycondensation or a ring-opening polymerization of a dicarxoxylic acid and an ester-formable derivative 
which construct a soft segment, a diol, or an ester-fomnable derivative, and/or lactones under the presence of a polymer 
constructing the hard segment. 

[0166] The above-described methods can be batchwise or continuously conducted and, moreover, the polyester 
block copolymer (P) can be obtained by a tank-type reaction vessel equipped with agitating blades, a column-type 
reaction vessel equipped with agitating blades, a column-type reaction vessel equipped with fixed agitating blades, 
and even by an extruder. 

<Hard segment> 

<Crystai{ine aromatic polyester> 

[0167] As the crystalline aromatic polyester (A1) which constructs a hard segment in the present invention, there 
can be employed the same ones as illustrated in the present invention No. I. 

<Soft segrnent> 

[0168] In the present invention, an aliphatic polyether (A2), a polylactone (A3), and a low crystalline polyester (A4) 
construct a soft segment. There can be employed the same ones as illustrated in the present invention No. I. 
[0169] The above-described respective components which construct the soft segment have a lower melting point 
than that of the crystalline aromatic polyester which constructs a hard segment and, in almost cases, it does not show 
crystallinity in the polyester block copolymer (P). In the case that the soft segment is an aliphatic polyester component, 
a treatment in a melting state ends to proceed a transesterification reaction in addition to a decomposition reaction by 
heating, and it unpreferably lowers a melting point in a block copolymer composition (R). In the present Invention No. 
Ill, since a heating treatment is conducted at a lower temperature, there can be remarkably reduced decomposition, 
discoloration, and a decline of a melting point. 

[0170] As a proportion of the hard segment component with respect to the soft segment ranges in preferably 
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99/1-20/80, and more preferably 98/2-30/70 by weight, the hard segment component is composed of the crystalline 
aromatic polyester in the polyester block copolymer (P) to be employed in the present Invention No. Ill, and the soft 
segment Is composed of a polyether or aliphatic polyester having a lower melting point than that, (crystalline aromatic 
polyester)/(constructing components of the soft segment) 

[0171] It is to be noted that the hard segment and the soft segment are not always chemically bonded, and a portion 
of those may form also a mixture. 

[01 72] In the case that a polycondensation reaction or a ring-opening polymerization are conducted in order to obtain 
the polyester block copolymer (P), catalysts may be even added and, reactions may be even conducted under the 
absence of catalysts. As the catalysts, there can be employed same ones as described in the present invention No. I. 

<Epoxy compound (C)> 

[0173] The epoxy compound (C), which is allowed to react with the polyester block copolymer (P) in the present 
Invention No. Ill, has at least one epoxy group, and it is not particularly limited in a structure thereof. 
[0174] As the epoxy compound (C), there can be employed an epoxy compound {C1) having one epoxy group and 
an epoxy compound (C2) having at least two epoxy groups, and both compounds can be employed In combination. 
For example, there are enumerated a bisphenol type epoxy compound obtained by a reaction of bisphenol A with 
epichlorohydrin, a novolak type epoxy compound obtained by a reaction of a novolak resin with epichlorohydrin, glycidyl 
esters obtained by a reaction of a carboxylic acid with epichlorohydrin, a cycloaliphatic compound-type epoxy com- 
pound obtained from a cycloaliphatic compound, glycidyl ethers obtained from an aromatic compound and epichloro- 
hydrin, an epoxidized butadiene, and an epoxy compound obtained from a compound having a double bond and a 
peroxide. 

[0175] Specifically, there are enumerated an epoxy compound (C1) having one epoxy group such as methyl glyci- 
dylether and phenyl glycidylether, and an epoxy compound (C2) having at least two epoxy groups such as diethylene 
glycol diglycidylether, diglycidyl phthalate, diglycidyl terephthalate, diglycidyl hexahydrophthalate, 3,4-epoxycyclohex- 
ylmethyl-3,4-epoxycyclohexanecarboxylate, an epoxidized polybutadiene, and an epoxidized styrene-butadiene-sty- 
rene block copolymer (an epoxidized SBS). 

[0176] In the present invention No. Ill, addition amount of the epoxy compound (C) depends upon the amount of 
hydroxyl groups or carboxylic groups which exist in tenninals of the polyester block copolymer (P) or properties to be 
required in a composition to be finally obtained, and it Is preferably 0.1-5 parts by weight, and more preferably 0.2-3 
parts by weight based on 1 00 parts by weight of the polyester block copolymer (P). In the case that the addition amount 
of the epoxy compound (C) is less than 0.1 part by weight, an action and effect (particularly, an effect for elevating heat 
resistance and hydrolysis resistance) by the present invention Is not significantly shown and, in a large amount such 
as exceeding 5 parts by weight, it adversely affects to surface flatness and mechanical properties in a molded article. 
[0177] The polyester block copolymer (P) is mixed with the epoxy compound (C) in a melted state. A method for 
mixing thereof is not limited at all and, if it is a method which is capable of uniformly mixing, any methods can be 
applied. Temperature of the epoxy compound (C) in melt-mixing ranges in preferably 3°C- to 60*C-hlgher temperature, 
and more preferably 5*C- to 40°C-higher temperature than a melting point of the polyester block copolymer (P). In the 
case that the temperature in melt-mixing is higher, decomposition reaction is thernially accelerated, whereby, resulting 
in that heat resistance, hydrolysis resistance, and color hue become worse. In the case that the temperature In melt- 
mlxlng is lower, there become worse crystallization and dispersion conditions of the epoxy compound (C). Time of 
period in melt-mixing is 10 second to 10 minutes or so, preferably, it is set up in 30 second to 5 minutes. 
[0178] The reaction of the polyester block copolymer (P) with the epoxy compound (C) can be conducted under the 
presence of catalysts. There can be employed all catalysts which can be usually employed in a reaction of epoxides 
and, as specific examples, there are enumerated amines, phosphorus compounds such as triphenyl phosphine (TPP), 
a carboxylic acid, an organic sulphohic acid, sulphuric acid, and an acidic compound thereof, for example, a metal 
salts such as alkali metals and alkali earth metals. Further, the catalysts may be employed In combination of two or 
more kinds. 

[0179] The catalysts may be simultaneously added together with the epoxy compound (C) and, may be added after 
dispersing the epoxy compound (C) into the polyester block copolymer (P) in a melted state or, contrarily, the epoxy 
compound (C) may be even added after dispersing the catalysts into the polyester block copolymer (P). 
[0180] In the present invention No. Ill, an effect by the present invention can be effectively actualized by mixing one 
or more kinds of compounds selected from the group consisting of a hindered phenol-based compound, a sulphur- 
based compound, a phosphorus-based compound, an amine-based compound, and a hindered amine-based com- 
pound as a stabilizer. 

[0181] Since the stabilizers have an effect for preventing oxidation to the polyester block copolymer composition or 
giving a thermal stability thereto, those are usually added to the polyester block copolymer (P) which is employed a 
raw material. 
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[0182] As specific examples of the stabilizers, there are enumerated an alkylated monophenol, for example, 2,6-di- 
tert-butyl-4-methylphenol, 2-tert-butyl-4,6-dimethylphenol. 2.6-dl-tert-butyl-4-ethylphenol. 2,6-di-tert-butyl-4-n-butyl- 
phenol. 2,6-di-tert-butyl-4-isobutylphenol. 2,6-dicyclopentyl-4-methylphenol, 2-(a-methylcyclohexyl)-4,6-dimethylphe- 
nol, 2,6-dioctadecyl>4-methylphenol, 2,4,6-tricyclohexcylphenol, 2,6-di-tert-butyl-4-methoxymethylphenol. 2,6-dino- 
nyl-4-methylphenol, 2,4-dimethyl-6-(1'-methyl-undec-r-yl)phenol, 2.4-dimethyl-6-(1'-methylheptadecyl-1'-yl)phenol. 

2.4- dimethyl-6-(1 '-methyl-tridec-1 '-yl)phenol. and a mixture thereof, alkylthiomethylphenol, for example, 2,4-dioctylth- 
iomethyl-6-tert-butylphenol, 2,4-dioctylthiomethyl-6-methylphenol, 2,4-dioctylthiomethyl-6-ethylphenol, 2,6-dldo- 
decylthiomethyl-4-nonylphenol. hydroquinone and an alkylated hydroquinone, for example, 2,6-di-tert-butyl-4-meth- 
oxyphenol, 2,5-dl-tert-butylhydroquinone, 2,5-di-tert-amylhydroquinone, 2,6-diphenyl-4-octadecyloxyphenol, 2,6-di- 
tert-butyl-hydroquinone, 2,5-di-tert-butyM-hydroxyantsole, 3,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-hy- 
droxyphenyl stearate, and bis-(3,5-di-tert-butyl-4-hydroxyphenyl)adipate; a cumarone derivative, for example, a-toco- 
pherol. p-tocopherol, y-tocopherol, 6-tocopherol, and a mixture thereof (vitamin E); a hydroxylated thiodiphenylether, 
for example, 2,2Mhiobis(6-tert-butyl-4-methylphenol), 2,2'-thlobis(4-octylphenol), 4.4'-thlobls(6-tert-butyl-3-methyl- 
phenol),4,4'-thiobis(6-tert-butyl-2-methylphenol),4,4'-thio-bis{3,6-di-sec-amylphenol),4,4'-bis-(2,6-dimethyl-4-hydrox^ 
yphenyl)disulphide; an alkylidene bisphenol, for example, 2,2'-methylenebis(6-tert-butyl-4-methylphenol), 2,2*-meth- 
ylenebis(6-tert-butyl-4-ethylphenot), 2,2'-methylenebis[4-methyl-6-(a-methylcyclohexyl)phenol], 2,2'-methylenebis 
(4-methyl-6-(a-methylcyclohexylphenol, 2,2*-methylenebis(6-nonyl-4-methylphenol), 2,2'-methylenebis(4.6-dl-tert- 
butylphenol). 2,2'-ethylidenebis(4.6-dl-tert-butylphenol), 2,2'-ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2'-methyl- 
ldenebis[6-(a-methylbenzyl)-4-nonylphenol], 2,2'-methylidenebis[6-(a,a-dimethylbenzyl)-4-nonylphenol], 4,4'-methyl- 
idenebis(2,6-di-tert-butylphenol), 4,4'-methylidenebis(6-tert-butyl-2-methylphenol), 1,1-bis(5-tert-butyl-4-hydroxy- 
2-methylphenyl)butane, 2,6-bls(3-tert-butyl-5-methyl-2-hydroxybenzyl)-4-methy!phenol, 1 ,1 ,3-tris(5-tert-butyl-4-hy- 
droxy-2-methylphenyl)butane, 1 , 1 -bis(5-tert-butyl-4-hydroxy-2-methylphenyl)-3-n-dodecylmercaptobutane,ethyl- 
eneglycol=bis[3,3-bis(3'-tert-butyl-4'-hydroxyphenyl)butylate]. bis(3-tert-butyl-4-hydroxy-5-methylphenyl)dicyclopen- 
tadiene. bis[2-(3*-tert-butyl-2'-hydroxy-5'-methylbenzyl)-6-tert-butyl-4-methlyphenyl] terephthalate, 1 ,1 -bis(3.5-dime- 
thyl-2-hydroxyphenyl)butane, 2.2-bis(3,5-dl-tert-butyl-4-hydroxyphenyl)propane, 2,2-bls(5-tert-butyl-4-hydroxy- 
2-methylpheny l)-4-n-dodecylmercaptobutane, 1,1 ,5,5-tetra(5-tert-butyl-4-hydroxy-2-methylphenyl)-pentane;0-,N- 
and S-benzyl compounds, for example, 3,5.3\5'-tetra-tert-butyl-4,4'-dihydroxybenzylether, octadecyl=4-hydroxy- 

3.5- dimethylbenzyl-mercaptoacetate, tridecyl=4-hydroxy-3,5-dl-tert-butylbenzyl-mercaptoacetate, tris(3.5-di-tert- 
butyl-4-hydroxybenzyl)amine, bis(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)dithiophthalate, bis(3,5-di-tert-butyl-4-hy- 
droxybenzyl)sulphjde, isooctyl=3,6-di-ten-butyl-4-hydroxybenzyl-mercaptoacetate; hydroxybenzylmaloate, for exam- 
ple, 2.2-b is (3,5-di-tert-butyl-4-hydroxy-5-methylbenzyl)dioctadecyl maloate.2.2-bis(3,5-dl-tert-butyl-4-hydroxyben2yl) 
dl-dodecyl mercaptoethyl=maloate, 2,2-bis(3,5-di-tert-butyl-4-hydroxyben2yl)maloate=:bis[4-(1 ,1 ,3,3-tetramethyl- 
butyl)-phenyl]; a hydroxybenzyl aromaticcompound,forexample, 1 ,3,64ris(3,5-di-tert-butyl-4-hydroxybenzyl)-2,4,6-tri- 
methyIbenzene,1,4-bis(3,5-di-tert-butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene, 2,4,6-tris(3,5-di-tert-butyl- 
4-hydroxybenzyl)phenol; a triazlne compound, for example, 2,4-bisoctylmercapto-6-(3,5-di-tert-butyl-4-hydroxy- 
anllino)-1 .3,5-tria2ine, 2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyanlllno)-1 ,3,5-tria2ine, 2-octylmercapto- 

4.6- bis(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,3,5-triazine, 2.4,6-tris(3,5-di-tert-butyl-4-hydroxyphenoxy)-1 ,3,5-tri- 
azlne, 1 ,3,5-tris{3,5-dl-tert-butyl-4-hydroxybenzyl)isocyanurate. 1 .3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl) 
isocyanurate,2,4,6-tris(3,5-di-tert-butyl-4-hydroxyphenylethyl)-1,3,5-tria2lne.1,3,5-trls(3,5-di-tert-but 
nylpropionyl) hexahydro-1 ,3,5-triazine, 1 .3,5-tris(3 , 5-dicyclohexyl-4-hydroxy benzyl) isocy an urate; a benzylphospho- 
nate, for example, 2,5-di-tert-butyl-4-hydroxybenzyldimethylphosphonate, 3,5-dl-tert-butyl-4-hydroxybenzyldlethyl- 
phosphonate, 3,5-di-tert-butyl-4-hydroxybenzyldioctadecylphosphonate, 3,5-di-tert-butyl-4-hydroxy-3-methylbenzyl- 
dioctadecylphosphonate, calcium salt of 3,5-di-tert-butyl-4-hydroxybenzylmonoethylphosphonate; an acylaminophe- 
nol, for example, lauric 4-hydroxyanilide, stearic 4-hydroxyanilide, octyl=N-(3,5-di-tert-butyl-4-hydroxyphenyl)-car- 
bamate; an ester of the following mono or polyvalent alcohol with p-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, an 
example of the alcohol: methanol, ethanol, n-octanol, isooctanol, octadecanol, 1 ,6-hexanedlol, 1 ,9-nonanediol, ethyl- 
eneglycol, 1 ,2-propanediol, neopentylglycol, thiodiethyleneglycol, drethyleneglycol, triethyleneglycol, pentaerythritol, 
tris(hydroxyethyl) isocyanurate, N,N'-bis(hydroxyethyl)succinic diamide, 3-thiaundecanol, 3-thiapentadecanol, trimeth- 
ylhexanediol, trimethylol propane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]octane; an ester of the follow- 
ing mono or polyvalent alcohol with p-(5-tert-butyl-4-hydroxy-3-methylphenyl)proplonate, an example of the alcohol: 
methanol, ethanol, n-octanol, isooctanol, octadecanol, 1,6-hexanediol, 1 ,9-nonanediol, ethyleneglycol, 1,2-propane- 
diol. neopentylglycol, thiodiethyleneglycol, diethyleneglycol, triethyleneglycol, pentaerythritol, tris(hydroxyethyl) isocy- 
anurate, N,N'-bis(hydroxyethyl)succinic diamide. 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethy- 
lol propane, 4-hydroxymethyl-1 -phospha-2,6,7-trioxabicyclo[2,2,2]octane; an ester of the following mono or polyvalent 
alcohol with p-(3,5-dicyclohexyl-4-hydroxyphenyl)propionate, an example of the alcohol: methanol, ethanol, n-octanol, 
isooctanol, octadecanol, 1,6-hexanediol, 1 ,9-nonanediol, ethyleneglycol, 1 ,2-propanedioI, neopentylglycol, thiodieth- 
yleneglycol, diethyleneglycol, triethyleneglycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'-bis(hydroxyethyl) 
succinic diamide, 3-thlaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylol propane. 4-hydroxymethyl- 
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1-phospha-2,6,7-trloxabicyclo[2,2,2]octane; an ester of the following mono or polyvalent alcohol with p-3,5-di-tert-butyl- 
4-hydroxyphenyl)acetate, an example of the alcohol: methanol, ethanol, n-octanol, isooctanol, octadecanol, 1,6-hex- 
anediol, 1 ,9-nonanediol, ethyleneglycol, 1 .2-propanedlol, neopentylglycol. thiodiethyleneglycol, diethyleneglycol, tri- 
ethyleneglycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N.N'-bis(hydroxyethyl)succinic diamide, 3-thiaundeca- 
nol, 3-thlapentadecanol, trimethylhexanediol, trinnethylol propane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo 
[2,2,2]octane; p-(3,5-dj-tert-butyN4-hydroxyphenyl)proplonic amide, for example, N,N'-bis(3,5-di-tert-butyl-4-hydroxy- 
phenylpropionyl)hexamethylene diamine, N,N'-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl) trimethylene diamine, 
N,N'-bis(3,5-di-tert-butyM-hydroxyphenylproplonyl.)hydrazine; an amine-based antioxidant, for example, N,N'-dilso- 
propyi-p-phenylenediamine, N,N'-di-sec-butyl-p-phenylenediamine, N,N'-bis(1 ,4-dimethylpentyl)-p-phenylenedi- 
amine, N,N*-bis(1-ethyl-3-methylpentyl)-p-phenylenediamine, N,N'-bis(1-methylheptyl)-p-phenylenedtamlne, N,N'-di- 
cyclohexyl-p-phenylenediamine, N,N'-diphenyl-p-phenylenediamine. N,N*>bis(naphtyl)-p-phenylenediamine, N-iso- 
propyl-N'-phenyl-p-phenylenedlamine,N-(1,3-dimethylbutyl-N'-phenyl-p-phenylenediamine, N-(1-methylheptyl)-N*- 
phenyl-p-phenylenediamine, N-cyclohexyl-N'-phenyl-p-phenylenediamlne, 4-(p-toluenesulphamoyl)diphenylamine, 
N,N'-dimethyl-N,N'-di-sec-butyl-p-phenylenediamine, diphenylamine, N-allyldiphenylamine, 4-isopropoxydiphe- 
nylamine, N-phenyl-1 -naphtylamine, N-(4-tert-octylphenyl)-1 -naphtylamine, N-phenyl'2-naphtylamine, octylated 
diphenylamine, for example, p,p'-di-tertiary-butyloctyl diphenylamine, 4-n-butylaminophenol, 4-butylylaminophenol, 
4-nonanoyl aminophenol, 4-dodecanoylaminophenol, 4-octadodecanoylaminophenol, bis(4-methoxyphenyl)amine, 
2,6-d-tertiarybutyl-4-dimethylaminomethylphenol, 2,4'-diamlnodlphenylmethane, 4,4'-diaminodlphenylmethane, N.N, 
N',N'-tetramethyl-4,4'-diaminodiphenylmethane, 1 ,2-bis[(2-methylphenyl)aminoethane, 1 ,2-bis(phenylamino)pro- 
pane, (o-tolyl)biguanide, bis[4-(r,3'>dimethylbutyl)phenyl]amine, tertlary-octylated N-phenyl-1 -naphtylamine, a mix- 
ture of a mono-and dialkylated tert-butyl/tert-octyldiphenylamine, a mixture of a mono- and dialkylated tert-butyl/tert- 
nonyldlphenylamine, a mixture of a mono- and dialkylated tert-butyl/tert-dodecyldlphenylamine, a mixture of a mono- 
and dialkylated isopropyl/lsohexcyldiphenytamine, a mixture of a mono- and dialkylated tert-butyldlphenylamine, 2,3-di- 
hydro-3.3-dimethyl-4H-1 ,4-benzothiadine, phenothiadine, a mixture of a mono- and dialkylated tert-butyl/tert-octylphe- 
nothiadine, a mixture of a mono- and dialkylated tert-butyloctylphenothiadine, N-allylphenothiadine, N,N,N\N'-tetra- 
pheyl-1,4-diaminobuto-2-en, N,N-bis(2,2,6,6-tetramethyl-pyperido-4yl)hexamethylenediamine, bis(2.2.6,6-tetrameth- 
ylpyperido-4yl)sebacate, 2,2,6,6-tetramethyl-pyperldine-4-ol; 2-(2'-hydroxyphenyl)benzotrlazole, for example. 2-(2'- 
hydroxy-5'-methylphenyl)benzotria2ole. 2-(3',5'-di-tert-butyl-2'-hydroxyphenyl)benzotriazole,2-(5*-tert-butyl-2'-hydrox- 
yphenyl)benzotria2ole,2-(2'-hydroxy-5'-(1,1,3,3-tetramethylbutyl)phenyl)benzotriazole. 2-(3',5'-df-tert-butyl-2'-hydrox- 
yphenyl)-5-chloro-benzotriazole. 2-(3'-tert-butyl-2'-hydroxy-5'-methyl-phenyl)-5-chloro-ben2otriazole, 2-(3'-sec-butyl- 
5'-tert-butyl-2'-hydroxyphenyl)benzotriazole, 2-(2'-hydroxy-4'-octyloxyphenyl)ben2otriazole, 2-(3',5'-di-tert-amyl-2'-hy- 
droxyphenyl)benzotria2ole, 2-(3',5'-bis{a.a-dimethylbenzyl)-2'-hydroxyphenyl)benzotriazole, 2-(3'-tert-butyl-2'-hy- 
droxy-5'-(2-octylcarbony!ethyl)phenyl)-5-chloro-benzotriazole, and a mixture thereof, 2-(3'-tert-butyl-5'-[2-(2-ethylhex- 
yloxy)carbonylethyl]-2'-hydroxyphenyl)-5-chlorobenzotria2ole, 2-(3'-tert-butyl-2'-hydroxy-5'-(2-methoxycarbonylethyl) 
phenyl)-5-chloro-ben2otria2ole,2-(3'-tert-butyl-2'-hydroxy-5'-{2-methoxycarbonylethyl)phenyl) benzotriazole, 2-(3'- 
tert-butyl-2'-hydroxy-5'-(2-octyloxycarbonylethyl)phenyl)benzotria2ole,2-(3'-tert-butyl-2'-hydroxy-5'-[2-(2-ethylhexy- 
loxy)-carbonylethyl]-2'-hydroxyphenyl)ben2otriazole, 2-(3'-dodecyl-2'-hydroxy-5'-methylphenyl)benzotriazole, and 2- 
(3*-tert-butyl-2'-hydroxy-5'-(2-isooctyloxycarbonylethyl)phenyl)benzotria20le, and 2.2'-methylene-bis[4-( 1,1,3, 3-te- 
tramethylbutyl)-6-ben2otriazole-2-yl-phenol]; an esterification product of 2-[3'-tert-butyl-5'-(2-methoxycarbonylethyl)- 
2'-hydroxyphenyl]-2H-ben2otriazole with polyethyleneglycol 300; [R-CH2CH2-COO(CH2)3-]2 (in the formula, R=3'-tert- 
butyl-4'-hydroxy-5*-2H-benzotria2ole-2-yl-phenyl); 2-hydroxyben2ophenone, for example, 4-hydroxy-, 4-methoxy-, 
4-octyloxy-, 4-decyloxy-, 4-dodecyloxy-, 4-ben2yloxy-, 4,2,4-trihydroxy-, and 2'-hydroxy-4,4'-dimethoxy-derivatlves; a 
substituted and nonsubstituted ester of benzoic acid, for example, 4-tert-butylphenyl salicylate, phenyl salicylate, oc- 
tylphenyl salicylate, dibenzoyi resorcinol, bis(4-tert-butylben2oyl) resorclnol, ben2oyl resorcinol, 3,5-di-tert-butyl-4-hy- 
droxy ben2oicacid2,4-di-tert-butylphenyl, 3,5-di-tert-butyl-4-hydroxy ben2oic acid hexadecyl, 3,5-di-tert-butyl-4-hy- 
droxy ben2oic acid 2-methyl-4,6-di-tert-butylphenyl; a hindered amine, for example, bis(2,2.6,6-tetramethyl-4-pyperi- 
dyl)sebacate, bis(2,2,6,6-tetramethyl-4-pyperidyl)succlnate, bis(1 ,2,2,6,6-pentamethyl-4-pyperidyl)sebacate, n-butyl- 
3,5-di-tert-butyl-4-hydroxyben2yl maloate=bis(1 ,2,2,6,6-pentamethyl-4-pyperidyl), a condensation product of 1-(2-hy- 
droxyethyl)-2,2,6,6-tetramethyl-4-hydroxypyperidine with succinic acid, a condensation product of 1-N,N'-bis 
(2,2,6, 6-tetramethyl-4-pyperidyl)hexamethylenediamlne with 4-tert-octyl-amino-2,6-dichloro-1 ,3,5-triazine, nitrylot- 
riacetic tris(2,2,6,6-tetramethyl-4-pyperidyl),1 .2,3,4-butanetetracarboxylic acid tetrakis(2,2.6,6-tetramethyl-4-pyperl- 
dyl), 1 .1 '-(1 ,2-ethanedyl)-bis(3,3,5,5-tetramethylpyperadinone)4-benzoyl-2,2,6,6-tetramethylpyperidine, 4-stearyloxy- 
2,2,6,6-tetramethylpyperidjne, 2-n-butyl-2-(2-hydroxy-3,5-di-tert-butylbenzyl)malonic acid bis(1 ,2,2,6.6-pentamethyl- 
pyperidyl), 3-n-octyl-7.7.9,9-tetramethyl-1 ,3,8-triazaspyro[4,5]decane-2,4-dion, bis(1 -octyoxy-2, 2,6, 6-tetram ethyl py- 
peridyl)sebacate, bis(1 -octyoxy-2 ,2,6,6-tetramethylpyperidyl)succinate, a condensation product of N,N'-bis(2,2,6,6-te- 
tramethyl-4-pyperidyl)hexamethylenediamine with 4-mon3holino-2,6-dichloro-1 ,3,5-tria2ine, a condensation product of 
2-chloro-4,6-bis(4-n-butylamino-2,2,6.6-tetramethyl-4-pyperidyl)-1,3.5-triazine with 1 ,2-bis(3-aminopropyIamino) 
ethane, a condensation product of 2-chloro-4,6-bis(4-n-butylamino-1 ,2,2,6,6-pentmethyl-4-pyperldyl)-1 ,3,5-triazine 
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with 1,2-bis(3-aminopropyIamlno)ethane,8-acetyl-3-dodecyl-77.9.9-tetramethyl-1,3,8-tria2asp 
on, S-dodecyl-l -(2.2,6, 6-tetramethyl-4-pyperidyl)pyrodine-2,5-dion, 3-dodecyl-1-{1 ,2,2.6,6-pentamethyl-4-pyperidyl) 
pyrodlne-2,5-dion, a mixture of 4-hexadecyloxy- and 4-stearyloxy-2,2,6,6-tetramethylpyperidines, a condensation 
product of N,N'-bis(2,2,6,6-tetrannethyl-4-pyperidyl)hexamethylenediamine with 4-cyclohexylamino-2,6-di-chloro- 
1 ,3,5-triazine, a condensation product of 1 .2-bis(3-aminopropylamino)ethane with 2,4,6-trichloro-1 ,3,5-tria2ine, and 
4-butylamino-2,2,6,6-tetramethyl-4-pyperidine (CAS Reg. No. [136504-96-6]); N-(2.2.6,6-tetramethyI-4-pyperidyl)-n- 
dodecyl sucsineimide, N-(1 ,2,2,6,6-pentnnethyl-4-pyperidyl)-n-dodecyl sucsineinnide, 2-undecyl-7,7.9,9-tetramethyl- 

1- oxa-3,8-diaza-4-oxo-spyro[4,5]decane, a reaction product of 7,7,9,9-tetramethyl-2-cycloundecyl-1-oxa-3,8-diaza- 
4-oxo-spyro[4,5]decane with epichiorohydrin; 2-(2-hydroxyphenyl)-1 ,3,5-tria2ine, for example. 2,4,6-tris(2-hydroxy- 
4-octyloxyphenyl)-1 ,3i5-triazine, 2-(2-hydroxy-4'Octyloxyphenyl)-4,6-bis(2.4-dimethylphenyl)-1 ,3,5-tria2ine, 2-(2,4-di- 
hydroxyphenyl)-4,6-bis(2.4-dlmethylphenyl)-1,3,5-tria2ine, 2,4-bis(2-hydroxy-4-propyloxyphenyl)-6-{2,4-dimethylphe- 
nyl)-1 ,3,5-triazine. 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4-methylphenyl)-1 .3,5-tria2ine, 2-(2-hydroxy-4-dodecy- 
loxyphenyl)-4,6-bls(2,4-dimethylphenyl)-1 ,3.5-tria2ine,2-(2-hydroxy-4-tridecyloxyphenyl)-4,8-bis(2,4-dimethylphe- 
nyl)-1 ,3.5-triazine. 2-[2-hydroxy-4-(2-hydroxy-3-butyloxypropyloxy)phenyl]-4,6-bis(2,4-dimethylphenyl)-1 ,3,5-tria2ine. 

2- [2-hydroxy-4-(2-hydroxy-4-(2-hydroxy-3-octloxy-propyloxy)phenyl]-4,6-bls(2,4-dimethylphenyl)-1 ,3,5-triazine, 2-[4- 
(dodecyloxyAridecyloxy-2-hydroxypropoxy)-2-hydroxyphenyl]-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-[2-hy- 
droxy-4-(2-hydroxy-3-dodecyloxypropoxy)phenyl]-4,6-bis(2,4-dimethylphenyl)-1 ,3,5-triazine, 2-(2-hydroxy-4-hexy- 
loxy)phenyl-4,6-diphenyl)-1 ,3,5-triazine, 2-{2-hydroxy-4-methoxyphenyl)-4,8-diphenyl-1 ,3,6-triazine, 2,4,6-tris[2-hy- 
droxy-4-(3-butoxy-2-hydroxypropoxy)phenyl]-1.3,5-triazine, 2-(2-hydroxyphenyl)-4-(4-methoxyphenyl)-6-phenyl- 
1 ,3,5-triazine; a phosphite or a phosphonite. for example, triphenyl phosphonite, diphenyl phosphonite=alkyl, phenyl- 
phosphonite=dialkyl, trisnonylphenyl phosphonite, lauryl phosphonite, trioctadecyl phosphonite, distearyl=pentaeryth- 
ritol=diphosphite, tris(2,4-di-tert-butylphenyl)phosphonite, diisodecyl=pentaerythritol=diphosphite, bis(2.4-di-tert- 
butyl-4-methylphenyl)=pentaerythritol =diphosphite, bis(2,6-di-tert-butyl-4-methylphenyl)=pentaerythritol=diphos- 
phite, bis-isodecyl=pentaerythritol=diphosphite. bis(2,4-di-tert-butyl-6-methy!phenyl)=pentaerythritol=diphosphlte, bis 
(2,4,6-tri-tert-butyl-6-methylphenyl)=pentaerythritol=diphosphite,tetrakis(2,4-di-tert-butylphenyl)4,4'-biphe- 
nylenephosphite, 6-jsooctyloxy-2,4,8.10-tetra-tert-butyl-12H-dlben2[d,g]-1 ,3,2-dioxaphosphocine. 6-fluoro- 
2,4,8,1 0-tetra-tert-butyl-12-methyl-dibenz[d,g]-1,3,2-dioxaphosphocme, bis(2,4-di-teit-butyl-6-methylphenyl)methyl 
phosphite, and bls(2,4-dt-tert-butyl-6-methylphenyl)ethyl phosphite. Of those, tris(2,4-di-tert-butylphenyl)phosphite is 
preferred. Particulariy tris(2,4-di-tert-butylphenyl)phosphite is preferred. 

[0183] Such the compounds may be in advance contained in the polyester block copolymer (P), and it may be even 
simultaneously added together with the epoxy compound (C) or, the epoxy compound (C) may be added after dispersing 
it in the polyester block copolymer (P) in a melting state or, contrarily, the compounds may be even dispersed in the 
epoxy compound (C). 

[01 84] Further, there may be simultaneously or separately added additives such as pigments, a weatherability agent 
and a metal-capping agent, fillers, and a modifier in the case of mixing. 

[0185] The polyester block copolymer composition (Q) melt-mixed as described hereinabove becomes a polyester 
block copolymer composition (R) by further thermally-treating in a solid phase. 

[0186] Temperature for themrially-treating the polyester block copolymer composition (Q)is not less than 120**Cand, 
moreover, a temperature less than a melting point of the polyester block copolymer composition (Q) obtained by ther- 
mally-treating. 

[0187] In the case that the temperature for thermally-treating is not less than a melting point of the composition (R), 
a trouble by melting resins is caused in handling, and a thermal decomposition reaction is further accelerated. Further, 
in the case that the temperature for thermally-treating is less 1 20*C, there cannot be almost obtained an effect of heat 
resistance and hydrolysis resistance by the present invention. More preferably, it is thermally-treated at not less than 
1 50**C and, moreover, at 1 00- to S'^C-lower temperature than the a melting point of the composition (R). 
[0188] An atmosphere for thermally-treating is selected from inert gases such as nitrogen, helium, and argon. 
[0189] A minor amount of impurities, particulariy. oxygen and moisture are preferably decreased by methods which 
are usually employed. Such the inert gases may be even constantly streamed through an apparatus in which a thermal 
treatment is conducted and, if a gas atmosphere in the apparatus is neariy filled by the inert gases, a treatment may 
be even conducted In a sealed state of the apparatus. Further, an inside of the apparatus may be also maintained at 
a reduced pressure or a compressed state In same conditions and, the pressure may be fluctuated during the thermal 
treatment, in the case of reducing pressure, it is required that there is paid attention for volatilization of the various 
additives fomnulated in the polyester block copolymer (P) or the polyester block copolymer (R). Preferably, the thermal 
treatment is conducted while maintaining at from 1 torr to an ordinary pressure under a nitrogen atmosphere of not 
more than 1% by volume of oxygen concentration and not more than 1% by volume of moisture concentration. Time 
of period for the thenmal treatment is decided according to resin properties required for the polyester block copolymer 
composition (R). Usually, it is preferably 1 -3000 minutes. In the case of a shorter time than 1 minute, an effect by the 
present invention is very small and a lower time of period lowers productivity of the polyester block copolymer compo- 
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sitlon (R) of the present invention. 

[01 90] As an another embodinnent for conducting the present invention, it is preferred to preheat the polyester block 
copolymer composition (Q) obtained by thenmally-mlxing the polyester block copolymer (P) with the epoxy compound 
(C) at a lower temperature than the melting point of the composition (R) and not more than 150^*0 before maintaining 
at the above-described temperature for the thennal treatment. By preheating, there can be lowered a decomposition 
reaction of the polyester block copolymer composition (Q) at an initial period of the thenmal treatment, resulting in that 
there can be remarkably shown an effect of an Increase of melt viscosity, etc. in the present invention. In the case, as 
other conditions except the temperature, there are applied the same conditions as in the above-described thermal 
treatment, and It is preferred that the apparatus is not sealed. Further, it can be also conducted at an air atmosphere. 
In the case that the temperature in the preheating is higher than ISC'C. the above-described effect by the preheating 
is small and, there Is not shown a difference from the case of preheating alone. A more preferred temperature for the 
preheating is not more than 120*C. 

[0191] The apparatus for conducting the heat treatment and preheating, If it is an apparatus by which the polyester 
block copolymer composition (Q) can be maintained at a desired time of period, a desired atmosphere, and pressure, 
is not particularly limited. Those can be conducted in combination of an apparatus which can be operated batchwise 
or continuously with an apparatus for supplying the inert gases, an apparatus for maintaining a reduced pressure, an 
apparatus for removing impurities from a discharged gas, and an apparatus for supplying again an inert gas from which 
the impurities are removed. A cone-blender and a hopper-blender, etc. can be preferably employed. 
[0192] The polyester block copolymer composition (R) of the present Invention can be obtained by thermally-treating 
the polyester block copolymer composition (Q) until being given a certain property. 

<Acid value> 

[0193] An acid value Is one of properties which are desired in the polyester block copolymer composition (R). The 
acid value is a numerical value which is measured by neutralizing acidic components contained in resins using a basic 
substance such as potassium hydroxide in a state dissolved in solvents, and It is represented by mg number (mgKOH/ 
g) of potassium hydroxide to be required for neutralizing 1 g of the resin. In the composition (R) of the present invention, 
the acid value is preferred in not more than 0.5 mgKOH/g, more preferably not more than 0.2 mgKOH/g, and most 
preferably not more than 0.1 mgKOH/g. In the case that the acid value is more than 0.5 mgKOH/g, hydrolysis resistance 
becomes worse, resulting in that an effect is small in the present invention. According to the present Invention, thermal 
decomposition and discoloration decrease by a lower temperature forthennally-treating, and such the physical prop- 
erties can be actualized by a smaller addition amount of the epoxy compound (C). 

[0194] Further, there can become suppressed a decline of crystailinlty such as a decline of a melting point by the 
addition of the epoxy compound (C). 

35 

<Melt viscosity stability> 

[0195] Further, another property desired in the polyester block copolymer composition (R) is a melt viscosity stability. 
In the case that the epoxy compound (C) employed remains in a large amount in an unreacted state, fluctuation of the 

-^0 viscosity is observed by remelting. The melt viscosity stability Is represented by formula Ml (T, P, and t+10)/MI (T, P, 
and t). In the fomriula, the melt index (Ml (T. P, and t)) value is a value measured at heating temperature (T), loading 
(P), and heating time (t) based on a method described in JIS K7210. Herein, T is not less than 5**C-hlgher temperature 
than the melting point of the composition (R), and it is a lowest temperature of experimental temperature described in 
Table 1 of the JIS K721 0 and. P is a value selected so that the Ml value becomes a range of 1 -30 g/10 minutes. The 

45 Ml (T, P, and t+10) value is a value in the case that the heating temperature is t+1 0 minutes at the conditions of the 
above T and P. In the composition (R) obtained in the present invention III, the melt viscosity stability is 0.5-2.0, more 
preferably 0.75-1 .50, and most preferably nearly 1 . 

[0196] By the method of the present invention, since the thermal treating is conducted at a lower temperature, the 
remaining epoxy compound (C) can be allowed to sufficiently react while suppressing themnal decomposition and 
50 discoloration as low as possible, resulting in that the viscosity fluctuation can be reduced in a molding process. 

[0197] In the polyester block copolymer composition (R) of the present invention No. Ill prepared as described here- 
inabove, color hue is clearly improved compared to a conventional resin composition obtained by melt-mixing alone. 
This depends upon that the treatment in a melting state for attaining any one of the two properties can be finished in 
a short time in the present invention III. 

55 

<Melling point> 

[01 98] In the polyester block copolymer composition (R) prepared by the present invention No. Ill , decline of a melting 
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point is smaller compared to that of a composition (R) prepared by a conventional method, that Is, by melt-mixing alone. 
Melting point (Tm (R)) of the composition (R) Is preferably not less than 1 0**C-lower temperature than the melting point 
(Tm (P)) of the polyester block copolymer (P) which Is a raw material. 

Tm(P)-10*»C^Tm(R) 

[01 99] Further, it is preferably not less than 5*»C-lower temperature than the melting point (Tm (P)) of the copolymer 
(P), and more preferably not less than 3**C-lower temperature. 

[0200] Accordingly, the polyester block copolymer composition (R) obtained by the present invention No. Ill Is more 
excellent in any one of heat resistance, hydrolysis resistance, color hue, an increase of melt-viscosity and melt-viscosity 
stability compared to a composition (R) obtained by a conventional method, that Is, a composition (R) obtained by melt- 
mixing alone. 

[0201] Hereinafter, the present invention No. IV will be Illustrated in detail. 

[0202] The present invention No. IV relates to a polyester block copolymer composition comprising heating and 
kneading after fomiulating 0.5-5 parts by weight of a one or more functional epoxy compound (C) and 0.01 part by 
weight to 3.0 parts by weight of a complex-formable agent for a metal (G) with respect to 100 parts by weight of the 
polyester block copolymer (P1 ) obtained by allowing to react a crystalline aromatic polyester (A1 ) with lactones (B). 
[0203] First of all, there will be illustrated raw materials for employing the polyester block copolymer (PI ) in relation 
to the present Invention No. IV. 

<Crystalline aromatic polyester (A1)> 

[0204] As the crystalline aromatic polyester (A1) to be employed in the present invention No. IV, there can be em- 
ployed a polyester containing the same components as the polyesters described In the present invention No. III. 
[0205] As the crystalline aromatic polyester (A1 ) to be employed in the present invention, there is preferred a polyester 
having a high polymerization degree, a melting point of not less than 1 60*C, and a number average molecular weight 
of not less than 5,000. 

[0206] Of constructing components in the crystalline aromatic polyester (A1 ) , not less than 60% by weight of butylene 
terephthalate and/or ethylene terephthalate units are desirably contained in consideration of crystal Unity, heat resist- 
ance, or costs of raw materials. 

<Lactones (B)> 

[0207] As the lactones (B) for lactone-modlfying the crystalline aromatic polyester (A1 ), there can be employed the 
same lactones as in the present invention No. t. 

[0208] Hereinafter, there Is illustrated the polyester block copolymer (PI ) In relation to the present invention No. IV. 
<Polyester block copolymer (P1)> 

[0209] The polyester block copolymer (PI) in relation to the present Invention No. IV is obtained by allowing to react 
the lactones (B) with terminal groups in the above-described crystalline aromatic polyester (A1 ) by an addition -reaction. 
Copolymerization ratio (A/B) of the crystalline aromatic polyester (A1) with the lactones (B) is 97/3-50/50 by weight, 
particularly, preferably 90/10-55/45 by weight. In the case that the ratio of the lactones (B) is smaller than the range, 
flexibility of the polyester block copolymer does not manifest, resulting in that it is not appropriate for a heat-sensitive 
body and, in the case that it is larger than the range, heat resistance lowers in the polyester block copolymer 
[0210] Further, the crystalline aromatic polyester (A1) can be allowed to react with the lactones (B) through heating 
and kneading by optionally adding a catalyst. 

[0211] Methods for allowing to react the crystalline aromatic polyester (A1) with the lactones (B),,for example, are 
reported in detail in JP-B-73004115 and JP-B-77049037 Official Gazettes. US Patent 2623031 , JP-B-8500451 8. JP- 
B-91 077826, and JP-B-88031491 Official Gazettes, etc. 

[0212] Hereinafter, there is Illustrated the epoxy compound (C) which is allowed to react with the polyester block 
copolymer (PI). 

<Epoxy compound (C)> 

[0213] The epoxy compound (C), If it is a compound having at least one epoxy groups in the molecule, is not partic- 
ularly limited in the structure. 
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[021 4] However, a cycloaliphatic or glycidyl ester type epoxy compound is more preferred than a glycidyl ether type 
epoxy compound in consideration of thermal history in formulating or molding a composition. 

[0215] As the cycloaliphatic epoxy compound, although there can be specifically exemplified compounds shown In 
general fomnulae (IHV). it is not limited thereto. 

[Chem. 1] 

[0216] 



10 




(In the fomriula, R1 , R2, and R3 are an alkyi group, and at least one of those are a methyl group, and total of carbon 
numbers is 8 pieces. Further, "n" is 0-5.) 

[0217] As the glycidyl ester type epoxy compound other than the above-described (II) and (III)-(V), there are enu- 
merated a mono and diglycldyl ester of phthalic acid, a mono and diglycidyl ester of methyltetrahydro phthalic acid, a 
mono and diglycldyl ester of terephthallc acid, a mono, di, and triglycidyl ester of trimellitic acids, and a mono and 
diglycidyl ester of a dimer acid, etc. 

[0218] Further, as the cycloaliphatic epoxy compound other than the above-described fonnula (1), there are enumer- 
ated Ceiloxide 2081 (an adduct of e-capro lactone dimer to 3,4-epoxycyclohexylmethyl-3',4'-epoxycyclohexanecarbox- 
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ylate), Celloxide 2083 (an adduct of e-caprolactone trimer), Celloxide 2085 (an adduct of e-caprolactone tetramer), 
Epolead GT300 and Epolead GT400 (both are trade name, and obtained by epoxidation of a compound obtained by 
an esterification of tetrahydrophthalic anhydride with tetrahydrobenzyl alcohol or a lactone-modified product thereof) 
which are manufactured by Daicel Chemical Industries, Ltd., and bis(3,4-epoxycyclohexyOadipate, etc, 
[0219] As the glycidyl ether type ones, there are enumerated methylglycidyl ether, phenylglycidyl ether, a polyethyl- 
ene glycol monophenylglycidyl ether, ethylene glycol diglycldyl ether, and ethylene glycol diglycidyl ether, etc. 
[0220] In the present invention, there can be employed one or more kinds of the epoxy compounds. 

<Complex-fomiable agent for a metal (G)> 

[0221 ] As the complex-f ormable agent for a metal (G) to be formulated in the polyester block copolymer composition 
of the present invention IV, there are employed an oxalic acid derivative, a salicylic acid derivative, a hydrazide deriv- 
ative, and a mixture thereof. 

[0222] The complex-fomiable agent for a metal (G) is not particularly limited, If it is a compound which forms a metal 
complex compound with metal ions which are dissolved out of metals such as copper and a copper alloy which are 
contact with the polyester block copolymer composition, and it has a structure which is capable of preventing deterio- 
ration by oxidation. 

[0223] As the oxalic acid derivative, there are enumerated oxalic bisbenzylidene hydrazide and N,N'-bis{2-[3-(3,5-di- 
t-butyl-4-hydroxyphenyl)propyonyloxy]ethyl}oxamide, etc.. and as the salicylic acid derivative, there are enumerated 
3-(N-salicyloyl)amino-1 ,2,4-triazole and decanedicarboxylic disalicyloyi hydrazide, etc. As the hydrazide derivative, 
there are enumerated N,N -bis{2-[3-(3,5-di-t-butyl-4-hydroxyphenyl) propyonyloxy]ethyl}hydrazlne and bis(2-phenox- 
ypropionyl) hydrazide isophthalate, etc, 

<Polyester block copolymer composition (Q)> 

[0224] In the polyester block copolymer composition (Q) in relation to the present invention IV, fomiulating amount 
of the epoxy compound (C) is 0.5-5.0 parts by weight, and preferably 1 .0-4.0 parts by weight based on 100 parts by 
weight of the polyester block copolymer (P1 ). 

[0225] In the case that the formulating amount is less than 0,5 part by weight, there becomes small an effect for 
general heat resistance and water resistance in the composition (Q) obtained, and a themnally-aging resistance in the 
composition (Q) which comes into contact with PVC remarkably lowers by hydrochloric acid removed from the PVC. 
Further, in the case that the formulating amount exceeds 5.0 parts by weight, molding processabllity occasionally 
becomes worse by an Influence of the un reacted epoxy compound in the composition (Q), and there is shown a ten- 
dency that surface conditions becomes coarse in a molded article prepared. 

[0226] Formulating amount of the complex-f ormable agent for a metal (G) is 0.01 -3,0 parts by weight, and preferably 
0.1 -0.5 parts by weight based on 1 00 parts by weight of the polyester block copolymer (PI ), 

[0227] In the case that the formulating amount is less than 0.01 part by weight, a satisfied heat resistance cannot 
be obtained in the composition (Q) which comes into contact with a metal. Further, in the case that the fomnulating 
amount exceeds 3.0 parts by weight, it is not economical and, in the composition (Q) which comes into contact with a 
metal, dispersion possibly becomes worse, unpreferably resulting in that heat resistance contrarily lowers. 
[0228] In the polyester block copolymer composition (Q) in relation to the present Invention IV, there can be also 
added the stabilizers described in the present invention ill. 

[0229] Since the stabilizers have an effect for preventing oxidation or thermal stability, those are generally added to 
the crystalline aromatic polyester (PI) which is usually employed as a raw material. 

[0230] Further, there may be appropriately added additives such as pigments and weatherability stabilizer depending 
upon uses. 

[0231] The composition (Q) is usually obtained by thennally kneading of the above fomnulated resins. Reaction by 
thermally kneading is usually conducted by melt-kneading of resins and, In the case, catalysts may be employed or 
not employed. 

[0232] As the catalysts, there can be employed all catalysts which can be usually employed in a reaction of epoxy 
compounds. For example, there can be employed solely or in combination of amines, phosphorus compounds, salts 
of a monocarboxylic acid or a dicarboxylic acid having a carbon number of not less than 1 0 with metals In the la and 
Ma groups of elementary periodic table. 

[0233] Further, temperature for thermally kneading Is desirably from a temperature of 5*C-higher than a melting point 
of a crystalline of the polyester block copolymer to 280**C. 

[0234] Time of period for kneading Is 30 seconds to 60 minutes or so. It can be appropriately selected according to 
a kneading style and the temperature. 

[0235] The complex-fomnable agent for a metal (G), the above-stabilizer, and additives to be formulated in the present 
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invention IV may be simultaneousiy mixed together with the epoxy compound (C) and, may be independently mixed. 
[0236] The metal which comes into contact with the composition (Q) in the present invention is not particularly limited, 
if It is a metal which can form a metal complex compound with the complex-fomriable agent for a metal (G) such as a 
succinic acid derivative and a salicylic acid derivative, or a hydrazide derivative and can prevent a deteriorating action 
by oxidation, for example, there are enumerated chromium, manganese, iron, cobalt, nickel, copper, zinc, tin, lead, 
and an alloy which primarily contains thereof and, in the case of copper and a copper alloy, an effect is particulariy 
remarkable. 

[0237] The polyester block copolymer composition (Q) in relation to the present invention IV has an excellent heat 
resistance under a contact with a metal and PVC. Accordingly, it is preferred as a heat-sensitive body which comes 
into direct contact with a short wire composed of copper and a copper alloy in a heater cable for an electric blanket 
and an electric carpet or a heating wire with PVC which is a protecting layer 
[0238] Hereinafter, the present invention No. V will be illustrated in detail. 

[0239] The polyester block copolymer composition (Q) of the present invention No. V, in the case of obtaining a 
polyester block copolymer composition by allowing to react a crystalline aromatic polyester (A1) with lactones (B), is 
comprised adding and thermally-kneading 0.5-5.0 parts by weight of an epoxy compound (C) having one or more 
pieces of epoxy groups and 0-2.0 parts by weight of a carbodilmide compound (E) to 1 00 parts by weight of a polyester 
block copolymer (PS) obtained by allowing to react 0.1-100% by mol of at least one of a multifunctional compound (D) 
having at least three pieces of at least one kind of carboxylic group (i), hydroxyl group (li), and/or an ester-formable 
group therefrom (iii) with 100% by mol of a crystalline aromatic polyester (A1). 

[0240] First of all, there are illustrated raw materials for preparing the polyester block copolymer (P3) in relation to 
the present Invention No. V. 

<Crystalllne aromatic polyester (A1)> 

[0241] As the crystalline aromatic polyester (A1) to be employed in the present invention, there can be employed 
the same crystalline aromatic polyester (A1) as In the present invention IV. 

[0242] In components for constructing the crystalline aromatic polyester (A1 ), there are desirably contained not less 
than 50% by mol of total of butylene terephthalate and/or ethylene terephthalate unit in consideration of crystallinity, 
heat resistance, and raw material costs. 

<Lactones (B)> 

[0243] As the lactones (B) to be employed for lactone-modifying the crystalline aromatic polyester (A1), there can 
be employed the same the lactones as in the present invention IV. 

[0244] Copolymerization proportion of the crystalline aromatic polyester (A1 ) with respect to the lactones (B) Is pref- 
erably 97/3-50/50. and more preferably 90/10-55/45 In the weight ratio (/V/B). 

[0245] Further, the crystalline aromatic polyester (A1 ) can be allowed to react with the lactones (B) by heating and 
kneading after optionally adding a catalyst. 

<Multifunctional compound (D)> 

[0246] The multifunctional compound (D) to be employed in the present invention V is not particulariy limited, if it is 
an aliphatic and/or aromatic compound having at least three pieces of at least one kind of cartDoxylic group (i), hydroxyl 
group (il), and/or an ester-formable group therefrom (iii) in the molecule. In the above description, the ester-formable 
group means a derivative of caitoxyllc group and hydroxyl group which can react by an esterification reaction, con- 
densation reaction, and addition reaction with the crystalline aromatic polyester (A1) and/or the lactones (B) such as 
an ester compound from carboxylte group (i) and an ester compound from an acid chloride, an acid anhydride, and 
hydroxyl group (ii). 

[0247] As preferred examples of the multifunctional compound (D), there can be enumerated an aliphatic polycar- 
boxylic acid such as butane tetracarboxylic acid; an aliphatic polyol such as glycerine, trimethylol ethane, trimethylol 
propane (hereinafter abbreviated as TMP), and pentaerythritol; an aromatic polycartDoxylic acid such as trimesic acid, 
trimellitic acid, 1 ,2.3-benzene tricarboxylic acid, pyromellitic acid, and 1 ,4,5,8-naphthalene tetracarboxylic acid; an 
aromatic polyalcohol such as 1 ,3,5-trihydroxybenzene; an aromatic hydroxycarboxylic acid such as 4-hydroxy isoph- 
thalic acid. 3-hydroxy isophthalic acid, 2,3-dlhydroxy benzoic acid, 2.4-dlhydroxy benzoic acid, 2.5-dihydroxy benzoic 
acid, 2,6-dihydroxy benzoic acid, protocatec acid. 2,4-dihydroxyphenyl acetic acid; and a compound having structural 
units derived from the ester-formable derivatives, etc. 

[0248] Hereinafter, there is illustrated the polyester block copolymer (P3) in relation to the present invention No. V. 
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< Polyester block copolymer (P3)> 

[0249] The polyester block copolymer (P3) in relation to the present Invention No. V can be obtained by allowing to 
react the crystalline aromatic polyester (A1) and the multifunctional compound (D) with the lactones (B). 
[0250] The ratio (A/B) of the crystalline aromatic polyester (A1 ) with respect to the lactones (B) is preferably 
97/3-50/50, and more preferably 90/10-55/45 by weight. 

[0251] In the case that the ratio of the lactones (B) is too smaller than the range, flexibility does not manifest in the 
polyester block copolymer composition Q and, in the case that it Is too larger than the range, heat resistance lowers. 
[0252] The multifunctional compound (D) is added in a range of 0.1-100% by mol, and preferably 2-20% by mol 
based on 1 00% by mol of the crystalline aromatic polyester (A1 ). 

[0253] In the case that addition amount of the multifunctional compound (D) is less than 0.1% by mol, dependence 
of melt viscosity upon extension rate is insufficient, resulting in that there cannot be obtained a molded article having 
a unlfomn thickness In blow molding and, in the case that it is larger than 100% by mol. decline of melting point is 
remarkable In an esterification reaction, and only identfcal or lower heat resistance is obtained to or than inherent heat 
resistance in the polyester block copolymer (PS). 

[0254] Reaction temperature is 180-270°C, and preferably 230-250'C. 

[0255] Reaction pressure is not particulaily limited, and it can be conducted at an ordinary pressure. 
[0256] Reaction time of period Is 0.5-1 80 minutes, and preferably 5-60 minutes. 
[0257] Feeding order of raw materials and reaction order are not particularly limited. 

[0258] As an example of a structure in the polyester block copolymer (P3) obtained in the above-described reaction, 
there is enumerated a structure described below. 



[0259] In the structural fonmula, R is a dtol component, R' is a dicarboxylic acid component, R" is a lactone component, 
and R'" is a component of the multifunctional compound, "m" is a structural unit number of the aromatic polyester, and 
it Is 50-95, "n" is a structural unit number of the lactones, and it is 5-50. "I" is a structural unit number of the multifunctional 
compound. "1" is 0.001-1 on an average, and it has a broader range in respective compounds. 

[0260] In the polyester block copolymer (PS) in relation to the present invention, a number average molecular weight 

is 30,000-100,000, a melting point is 160-250**C, and Ml is 0.1-20 g/10 minutes (at 230**C and 2.16 kgf). 

[0261 ] Hereinafter, the epoxy compound (C) is illustrated which is allowed to react with the polyester block copolymer 

(P3). 

<Epoxy compound (C)> 

[0262] As the epoxy compound (C) to be employed in the present invention V, the same epoxy compound (C) can 
be employed as in the present invention IV. 

[0263] In the polyester block copolymer composition (Q) in relation to the present invention No. V, fomiulating amount 
of the epoxy compound (C) is 0.5-5.0 parts by weight, and preferably 1 .0-4.0 parts by weight based on 100 parts by 
weight of the polyester block copolymer (P3). In the case that the formulating amount is less than 0.5 part by weight, 
there becomes small an effect for a general heat resistance and water resistance in the polyester block copolymer, 
resulting in that a thermally-aging resistance remarkably lowers. In the case that the fomnulating amount exceeds 5.0 
parts by weight, molding processability occasionally becomes worse by an influence of the unreacted epoxy compound, 
and there is shown a tendency that surface conditions become coarse in a molded article prepared. 
[0264] From the same reason, two or more functional epoxy compounds must be fonnulated in at least 0.2 part by 
weight based on 100 parts by weight of the polyester block copolymer (P3). 

<Cart)Odiimide compound (E)> 

[0265] In the present Invention No. V, a carbodiimlde compound (E) can be optionally fonnulated with the polyester 
block copolymer composition (Q). 

[0266] As the carbodiimide compound, for example, there is enumerated Stabaxol 1 (2,6-diisopropylphenyl diisocy- 
anate dimer) manufactured by Sumitomo Bayer Urethane, Ltd., etc. 
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[0267] Formulating amount of the carbodiimide compound is 0-2.0 parts by weight, and preferably 0.2-1 .0 parts by 
weight based on 1 00 parts by weight of the polyester block copolymer (P3). If it is not fonmulated, there is occasionally 
observed a slight decline of melt viscosity during a reaction of the epoxy compound (C). and dependence of melt 
viscosity upon extension rate Is insufficient by an influence of an TMP amount, resulting in that there Is occasionally 
obtained a polyester block copolymer composition which is not appropriate for blow molding. On the other hand, in the 
case that It is formulated in exceeding 2.0 parts by weight, discoloration becomes remarkable, and crystallinity lowers 
in the polyester block copolymer, resulting in that heat resistance ends to lower. 

<Polyester block copolymer composition (Q)> 



[0268] The polyester block copolymer composition (Q) of the present invention V is obtained by themnally kneading 
a fomriulated mixture in which there are fonnulated the polyester block copolymer (P3), the epoxy compound (C), and 
optionally the carbodiimide compound (E). 

[0269] The above-described reaction by themnally kneading is usually conducted by melt-kneading of resins and, In 
'5 the case, catalysts may be employed or not employed, 

[0270] As the catalysts to be employed in a reaction of the epoxy compound (C), there can be employed the same 
catalysts as in the present invention No. IV. 

[0271] Further, temperature for melt-kneading is preferably a temperature of from 5*C-higher than a melting point 
of a crystalline in the polyester block copolymer (P3) to 280**C. 
20 [0272] Kneading time of period is 30 seconds to 60 minutes or so, and it is appropriately selected depending upon 
a mixing style and the temperature. 

[0273] As the catalysts to be optionally added in a reaction of the carbodiimide compound (E). all catalysts usually 
employed can be employed, and the catalysts are optionally employed. 

[0274] In the polyester block copolymer composition (Q) in relation to the present Invention No. V, there can be also 
25 added the same stabilizer as In the present invention No. III. 

[0275] The stabilizers may be usually in advance contained in the crystalline aromatic polyester resin (P3) which is 
employed as a raw material because of an effect for preventing oxidation of the composition (Q) and thermal stability. 
[0276] Further, there may be appropriately even added additives such as pigments and a weatherablllty stabilizer 
according to uses. 

[0277] It is to be noted that the stabilizer and additives to be fonnulated in the present invention may be simultaneously 
mixed together with the epoxy compound (C) and the carbodiimide compound (E), or may be even independently mixed. 
[0278] in the polyester block copolymer composition (Q) of the present invention No. V obtained by thennally knead- 
ing, a number average molecular weight is 50,000-250,000, a melting point Is 180-250°C. Ml Is 0.1-20 g/10 minutes, 
and a strain-hardening curability is not less than 0.1 . 

[0279] Herein, the strain-hardening curability shows a slope of a straight line obtained by plotting e and ln(TiE/3Ti*) 
when Tig Is a value obtained by a measurement of extension viscosity, e is strain herein, and t|* is a value obtained by 
a measurement of shear viscosity. 

[0280] It is to be noted that In a composition obtained, a portion of the epoxy compound may be remained within an 
extent at which viscosity does not increase in kneading. Likewise, an unreacted portion of the carbodiimide compound 
40 (E) may be also remained within an extent which can be detected by a gas chromatography 
[0281] Hereinafter, the present invention No. VI will be Illustrated In detail. 

[0282] The polyester block copolymer composition of the present invention IV, in obtaining the polyester block co- 
polymer by allowing to react the crystalline aromatic polyester (A1) with the lactones (B), is comprised adding and 
thermally-kneading 0. 1 -5.0 parts by weight of an epoxy compound (C) having one or more pieces of epoxy groups and 
0-2.0 parts by weight of a carbodiimide compound (E) to 100 parts by weight of a polyester block copolymer (P3) 
obtained by allowing to react 0.1-200% by mol of at least one of a multifunctional compound (D) having at least three 
pieces of at least one kind of carboxylic group (i), hydroxyl group (ii), and/or an ester-formable group therefrom (III) 
with 100% by mol of a crystalline aromatic polyester (A1). 

[0283] First of all, there are illustrated raw materials to be employed for the preparation of the polyester block copol- 
50 ymer (P3) in relation to the present invention No. VI. 

<Crystalline aromatic polyester (A1 )> 

[0284] As the crystalline aromatic polyester (A1) to be employed In the present invention No. VI, there can be em- 
55 ployed a polyester having the same structure as in the crystalline aromatic polyester (A1 ) in the present Invention No. 
IV, and there is prefered a polyester having a melting point of not less than 160*C In the case of formation of high 
polymerization degree. 

[0285] Further, as a material for molding, there is preferably prepared a polyester having a number average molecular 
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weight of not less than 5,000. 

[0286] Of construction components for the crystalline aromatic polyester (A1 ) exemplified hereinabove, there is pref- 
erably employed a polyester containing not less than 60% by weight of butylene terephthalate and/or ethylene tereph- 
thalate units in consideration of crystallinity, heat resistance, or costs for the raw materials. 

<Lactones (B)> 

[0287] As the lactones (B) to be employed for lactone-modifying the crystalline aromatic polyester (A1), there can 
be employed the same lactones (8) as in the present invention No. IV. 

[0288] Copolymerization ratio of the crystalline aromatic polyester (A1) with the lactones (B) is the same as in the 
copolymerlzation ratio in the present invention No. V. 

<Muttifu notional compound (D)> 

[0289] As the multifunctional compound (D) to be employed in the present invention No. VI, there can be employed 
the same multifunctional compound (D) as in the present invention No. V 

[0290] Addition amount of the multifunctional compound (D) is 0.1-200% by mol, preferably 0.1-150% by mol based 
on 100% by mol of the crystalline aromatic polyester (A1). 

[0291] In the case that at least one kind of the multifunctional compound (D) has carboxylic group (i) or an ester- 
fomriable group thereof, it is added in a range of preferably 0.1-200% by mol, and more preferably 0.1-150% by mol 
based on 100% by mol of the crystalline aromatic polyester (A1). In the case, in the case that the addition amount of 
the multifunctional compound (D) is less than 0.1% by mol, modulus of strain hardening is insufficient, resulting in that 
there is not obtained a molded article having uniform thickness in blow molding and. In the case of exceeding 200% 
by mol, a decline of a melting point is remarkable in a transesterification reaction, resulting In that there Is not occa- 
sionally obtained only a molded article having an identical or less heat resistance inherently possessed in a polyester 
block copolymer 

[0292] Further, in the case of the multifunctional compound (D) not having carboxylic group (i) or an ester-formable 
group thereof, the multifunctional compound (D) is added in a range of preferably 0. 1 -1 50% by mol, and more preferably 
50-120% by mol based on 100% by mol of the crystalline aromatic polyester (A1). In the case, in the case that the 
addition amount of the multifunctional compound (D) Is less than 0.1 % by mol , modulus of. strain hardening is Insufficient, 
resulting In that there Is not obtained a molded article having unifomri thickness in blow molding and, In the case of 
exceeding 150% by mol, a decline of a melting point is remarkable in a transesterification reaction, resulting in that 
there is not occasionally obtained only a molded article having an identical or less heat resistance inherently possessed 
In a polyester block copolymer. Herein, the modulus of strain hardening means a characteristic that a melt viscosity 
Increases when an extending rate increases. Accordingly, when the modulus of strain hardening is larger, since a 
portion extended In blow molding shows a larger melt viscosity, it is not excessively extended and, since a portion 
extended shows a lower melt viscosity, uniform thickness is obtained, Contrarily, in the case that the modulus of strain 
hardening is insufficient, the above-described effect does not manifest in blow molding, and it tends to become difficult 
to obtain a molded article having a unlfonn thickness. 

[0293] Hereinafter, there is illustrated the polyester block copolymer (P3) in relation to the present invention No. VI. 
<Polyester block copolymer (P3)> 

[0294] The polyester block copolymer (P3) is obtained by allowing to react the crystalline aromatic polyester (A1) 
and the multifunctional compound (D) with the lactones (B), 

[0295] Ratio of the crystalline aromatic polyester (A1) with the lactones (B) and reaction conditions are the same as 
in the present invention No. V. 

[0296] Subsequently, the epoxy compound (C) is illustrated which is allowed to react with the polyester block copol- 
ymer (PS). 

<Epoxy compound (C)> 

[0297] As the epoxy compound (C) to be employed In the present invention No. V, there can be employed the same 
epoxy compound (C) as in the present invention No. IV. 

[0298] In the polyester block copolymer composition (Q) in relation to the present invention No. VI , fomnulation amount 
of the epoxy compound (C) is 0.1-5.0 parts by weight, and preferably 0.25-3.0 parts by weight based on 100 parts by 
weight of the polyester block copolymer (P3). In the case that the formulation amount Is less than 0.1 part by weight, 
there becomes small an effect to general heat resistance and water resistance in the polyester block copolymer, and 



28 



<EP 1120432A1_L> 



EP 1 120 432 A1 



thermally-aging resistance remarkably lowers. In the case that the formulation amount exceeds 5 parts by weight, there 
is a tendency that molding processability occasionally becomes worse by an influence of the unreacted epoxy com- 
pound, or surface conditions becomes coarse in a molded article. 

<Carbodiimide compound (E)> 

[0299] In the present invention VI, the same carbodiimlde compound (E) as in the present invention V can be op- 
tionally formulated in the same weight ratio in the polyester block copolymer composition. 

<Polyester block copolymer composition (Q)> 

[0300] The polyester block copolymer composition (Q) of the present invention VI is obtained by thermally kneading 
a blend composed of the polyester block copolymer (P3). the epoxy compound (C) and, optionally, the carbodiimlde 
compound (E). 

[0301] The reaction by thermally kneading is usually conducted by melt-mixing and, in the case, catalysts may be 
not employed, or may be even employed. 

[0302] As the catalysts to be employed in the reaction of the epoxy compound (C), the same catalysts can be em- 
ployed as in the present invention IV. 

[0303] In the composition (Q) obtained in the present invention VI, the same stabilizers can be added as in the 
present invention III. 

[0304] Further, additives such as pigments and weatherability agents may be appropriately added depending upon 
uses. 

[0305] Mixing of the above-described stabilizer and additives may be simultaneously or separately conducted to- 
gether with mixing of the above-described epoxy compound (C) or the carbodiimlde compound (E). 
[0306] In the polyester block copolymer composition (Q) of the present invention VI, a number average molecular 
weight is 40,000-110,000. a melting point is 180-230'C. and Ml is 0.1-10 g/10 minutes, and it has a large modulus of 
strain hardening. 

[0307] As a result, it has a characteristic of an exceedingly less generation of flashes in molding, In addition to 
capability of providing a molded article having uniform thickness in blow molding. Moreover, a molded product obtained 
using the composition is very excellent also in heat resistance in addition to inherent properties in a polyester block 
copolymer and, even though it is employed in a use exposed to high temperature for a long time of period, it can give 
a very excellent physical property to a molded article. 

[0308] Hereinafter, the present Invention No. VII will be Illustrated In detail. 

[0309] The polyester block copolymer composition (R) of the present Invention VII, In the case of obtaining the pol- 
yester block copolymer by allowing to react the crystalline aromatic polyester (A1) with the lactones (B), is comprised 
heating in a solid condition a polyester block copolymer composition (Q) obtained by adding and themnally mixing 
0.1-5.0 parts by weight at least one kind of an epoxy compound (C) having one or more pieces of epoxy groups to 1 00 
parts by weight of a polyester block copolymer (P) obtained by allowing to react 0.1-200% by mol of at least one kind 
of a multifunctional compound (D) having at least three pieces of carboxyllc group (i), hydroxyl group (li), and/or an 
ester-fomnable group therefrom (ill) with respect to 100% by mol of a crystalline aromatic polyester (A). 
[031 0] The polyester block copolymer (P) in relation to the present invention is obtained by a reaction of the crystalline 
aromatic polyester (A1) with the lactones (B). 

<Crystalline aromatic polyester (A1)> 

[031 1 ] The crystalline aromatic polyester (A1 ) to be employed in the present invention is a polymer primarily having 
ester bonds, and it has hydroxyl groups at a portion of molecular terminals, and the same ones are employed as in 
the present invention VI. 

<Lactones (B)> 

[0312] The lactones (B) to be employed in the present invention VII Is the same ones as In the present Invention VI, 
[031 3] Copolymerizatlon proportion of the crystalline aromatic polyester (A1 ) with the lactones (B) is 97/3-50/50, and 
preferably 90/1 0-55/45 by weight ratio. 

[031 4] Further, the crystalline aromatic polyester (A) can be allowed to react with the lactones (B) by themnally mixing 
using optionally catalysts. In the case that the proportion of the lactones (B) is too smaller than the range, ductility does 
not manifest in the polyester block copolymer (P), and In the case of being too larger than the range, heat resistance 
lowers in the polyester block copolymer (P) and the polyester block copolymer composition (R) obtained. 
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<Multifunctional compound (D)> 

[0315] The multifunctional compound (D) to be employed in the present invention is the same as in the present 
invention No. VI. 

[0316] Addition amount of the multifunctional compound (D) is 0.1-200% by mol, preferably 0.1-150% by mol based 
on 100% by mol of the crystalline aromatic polyester (A). 

[0317] In the case that the multifunctional compound (D) does not have carboxylic group (i) or an ester-fomiable 
group thereof, it is added in a range of preferably 0.1-150% by mol, and more preferably 50-120% by mol based on 
100% by mol of the crystalline aromatic polyester (A1). In the case that the addition amount of the multifunctional 
compound Is less than 0.1% by mol, the modulus of strain hardening is Insufficient, resulting in that there is not obtained 
a molded article having uniform thickness in blow molding and, in the case of exceeding 150% by mol, a decline of a 
melting point is remarkable in a transesterification reaction, resulting in that there is not occasionally obtained only a 
molded article having an identical or less heat resistance Inherently possessed in a polyester block copolymer 
[0318] Further, in the case that the multifunctional compound (D) has at least one of carboxylic group (i) or an ester- 
formable group thereof, it is added in a range of preferably 0.1-200% by mol, and more preferably 50-150% by mol 
based on 1 00% by mol of the crystalline aromatic polyester (A1 ), In the case that the addition amount of the multifunc- 
tional compound is less than 0.1% by mol, the modulus of strain hardening Is insuffteient, resulting in that there is not 
obtained a molded article having uniform thickness in blow molding and, in the case of exceeding 200% by mol, a 
decline of a melting point is remarkable in a transesterification reaction, resulting in that there is not occasionally 
obtained only a molded article having an identical or less heat resistance inherently possessed in a polyester block 
copolymer. 

[0319] Subsequently, there will be illustrated the polyester block copolymer (P) in relation to the present Invention. 
<Polyester block copolymer (P)> 

[0320] The polyester block copolymer (P) in relation to the present invention is obtained by allowing to react the 
crystalline aromatic polyester (A1 ) having terminal hydroxyl groups, the multifunctional compound (D), and the lactones 
(B). 

[0321] Reaction temperature is 180-270**C, and preferably 230-250**C. 

[0322] Reaction pressure is not particularly limited, and reaction can be conducted at an ordinary pressure. 
[0323] Reaction time of period is 0.5-600 minutes, and preferably 5-120 minutes. 
[0324] Feeding order of raw materials and reaction order are not particularly limited. 

[0325] In the polyester block copolymer composition (P) in relation to the present invention, a number average mo- 
lecular weight is 20,000-100.000, a melting point is 160-250'»C. and MFR is 0.1-50 g/10 minutes (230*C, 2.16 kgf). 
[0326] The epoxy compound (C) to be allowed to react with the polyester block copolymer (P) is the same as In the 
present invention VI. 

[0327] Formulation amount of the epoxy compound (C) is 0.1-5.0 parts by weight, and preferably 0.25-3.0 parts by 
weight based on 100 parts by weight of a polyester block copolymer (P). In the case that the formulation amount is 
less than 0.1 part by weight, there becomes small an effect to general heat resistance and water resistance in the 
polyester block copolymer, and thermally-aging resistance remarkably lowers. In the case that the fomnulation amount 
exceeds 5.0 parts by weight, there Is a tendency that molding processability occasionally becomes worse by an influ- 
ence of the unreacted epoxy compound, or surface conditions becomes coarse in a molded artfcle. 

<Polyester block copolymer composition (Q)> 

[0328] The polyester block copolymer composition (Q) of the present invention VI is obtained by thennally kneading 
a mixture composed of the polyester block copolymer (P) and the epoxy compound (C). 

[0329] Mixing of the epoxy compound (C) with the polyester block copolymer (P) is usually conducted by melt-mixing 
and, a method for the mixing is not limited at all, if it is a method capable of unifomily mixing, any methods may be 
applied. 

[0330] Temperature in melt-mixing of the epoxy compound ranges in preferably 3'C- to 60*C-higher temperature, 
and more preferably 5**C- to 40'*C-higher temperature than a melting point of the polyester block copolymer. In the 
case that the temperature In melt-mixing is higher, decomposition reaction is thermally accelerated, whereby, resulting 
in that heat resistance, hydrolysis resistance, and color hue become worse. In the case that the temperature in melt- 
mixing is lower, dispersion conditions of the epoxy compound become worse. Time of period in melt-mixing Is 1 0 second 
to 10 minutes or so, preferably, it is set up in 30 second to 5 minutes. Compared to a conventional method, that is, a 
method by melt-mixing alone, since a treatment at a lower temperature can be conducted and evaporation components 
can be decreased, a working circumstance can be improved. 
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<Polyester block copolymer composition (R)> 

[0331] Conditions are as follows at which the polyester block copolymer composition (Q) Is thermally treated in a 
solid phase for obtaining the polyester block copolymer composition (R). 

[0332] As the conditions for thermally treating in a solid phase, heating temperature (Ta) ranges in from a lower 
temperature than a melting point of the polyester block copolymer composition (R) to a higher temperature than a glass 
transition point of the polyester block copolymer composition (R) under an inert gas atmosphere and, moreover, it is 
a higher temperature than 1 20*C. 

Tg<Ta<Tm (R), 

and 

120«C<Ta 



[0333] In the case that the epoxy compound (C) contains at least one kind of a bifunctional epoxy compound, heating 
temperature (Ta) in a solid phase is 10**C- to 5**C-lower than a melting point of a polymer in a solid phase and higher 
20 than 150*C. 

Tm(R)-1 00*CsTa^Tm(R)-5**C, 

25 and 

150*C<Ta 

30 [0334] Heating In a solid phase can be conducted by two stages described below. 

(1) after having preheated at a temperature (Tb) lower than 150*»C and lower than Ta which is in a temperature 
range from a temperature lower than a melting point of a polymer in a solid phase to a temperature higher than a 
glass transition point of the polymer, 
35 (2) heated at a temperature (Ta) which is in a temperature range from a temperature lower than a melting point of 

a polymer in a solid phase to a temperature higher than a glass transition point of the polymer, and higher than 
120*»C. 



Preheating temperature Tb 

Tg<Tb<Tm (R), 

45 Tb<150'»C, 
and 

so Tb<Ta 
Heating temperature Ta 

55 Tg<Ta<Tm (R), 

and 



31 

NSDOCID: <EP 1120432A1_L> 



EP1 120 432 A1 



120*»C<Ta 

[0335] In the case, catalysts may be not employed or even employed. 

[0336] As the catalysts, there can be employed all catalysts which can be usually employed in a reaction of epoxy 
compounds. For example, there can be employed solely or in combination of amines, phosphorus compounds, salts 
of a monocarboxylic acid or a dicarboxylic acid having a carbon number of not less than 10 with metals in the la and 
Ha groups of elementary periodic table. Such the catalysts may simultaneously add together with the epoxy compound, 
or may even add after having in advance dispersed the epoxy compound into the polyester block copolymer in a melting 
state or, contrarily, the catalysts may be in advance even dispersed. 

[0337] In the polyester block copolymer composition (R) of the present Invention, an acid value is not more than 0.5 
mgKOH/g, a melting point Tm (R) Is a temperature of not more than 5'C-lower temperature than a melting point Tm 
(P) in the polyester block copolymer composition (P) before adding the epoxy compound. 

Tm (R)^Tm (P)-5*C 

[0338] In the polyester block copolymer composition, a temperature for an Ml value test is not less than S^'C-higher 
than a melting point of the composition, and it is a lowest temperature of an experimental temperature described in 
Table 1 of JIS K721 0 and, moreover, a melt viscosity stability {(MI-B)/(MI-A)} is 0.5-2.0, which is calculated from an Ml 
value (Ml-A) measured at experimental conditions selected so that an experimental loading becomes a range of an 
M I value of 1 -30 g/1 0 minutes and an M I value (Ml-B) at the same experimental temperature and the same experimental 
loading as in a measurement of the (Ml-A) after heating for 10 minutes from an initiation of measurement of the Ml-A 
value at the same experimental temperature as in a measurement of the Ml-A value. 

[0339] In the polyester block copolymer composition (R), a number average molecular weight is 40.000-200,000, a 
melting point is 1 50-280'*C, Ml is 0.01 -5, and modulus of a strain-hardening is not less than 0. 1 -2.4. Herein, the modulus 
of a strain-hardening shows a slope of a straight line obtained by plotting e and ln(T|E/3T|*) when ti^ is a value obtained 
by a measurement of extension viscosity, e is strain herein, and t|* is a value obtained by a measurement of shear 
viscosity. 

[0340] In the polyester block copolymer composition (R), there can be added a stabilizer such as a hindered phenol- 
based compound, a phosphite-based compound or an organic composite phosphite, and a carbodiimide compound. 
Since the stabilizers have an effect for prevention of oxidation or thermal stability in the polyester block copolymer 
composition, those are usually added to polyester-based resins. Further, additives such as pigments and weatherability 
stabilizers may be appropriately even added depending upon uses. 

[0341] Mixing of the stabilizers and additives to be fonmulated in the present invention may be simultaneously con- 
ducted when the epoxy compound is mixed, or may be even Independently conducted. 

[0342] In the polyester block copolymer composition (R) obtained in the present invention, the modulus of strain 
hardening is large, and there can be obtained a molded article having unifonn thickness In blow molding and, further, 
a change ratio of melt viscosity by thermal history is small and a resin can be reused. Further, color hue is more 
improved than in a reaction proceeded in a melting state owing to a characteristic that a reaction with the epoxy com- 
pound (C) is conducted by heating in a solid phase and, furthermore, a large melt viscosity can be obtained, resulting 
in that a large-size molded article can be also obtained in blow molding. Also, it has a characteristic that production of 
flashes in molding is exceedingly slight. Moreover, a molded article obtained using the composition (R) is very excellent 
also In heat resistance in addition to properties shown In a polyester block copolymer and, even though it is employed 
for uses exposed to a high temperature for a long time of period, it does not cause heat deterioration, and it can provide 
a molded article having very excellent physical properties. 

<Examples> 

[0343] Hereinafter, although the present invention will be specifically illustrated by Examples, the present invention 
is not limited thereto. In the Examples, mere part means part by weight. 

[0344] Hereinafter, there were measured as follows an acid value, an unreacted lactone amount, a polycapro lactone 
content in resins, an Ml value, a melt viscosity stability, a tensile strength and extension, thermal properties (a melting 
point, a melting peak temperature, an initiating temperature of melting), color hue, hydrolizabllity, and heat resistance 
stability. 
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Unreacted lactone amount: 

[0345] Using GC-14A manufactured by Shimadzu, there was employed a glass-made column having an internal 
diameter of 3.2 mm and length of 2.1 m. and in which there is filled [PEG20M (a liquid for a fixed bed) 1 0%]/[Uniport 
5 HPS (carrier)]. 1 g of a sample and 0.05 g of diphenylether which is an intemal standard substance were precisely 
weighed, followed by dissolving Into HFIP (hexafluoroisopropanol). Measurement was conducted at the constant tem- 
perature of 180*C using nitrogen as a carrier gas, unreacted lactone amount (% by weight) was calculated by an 
intemal standard method based on results obtained. 

10 Polycaprolactone content in the polyester block copolymer (P1 ): 

[0346] The residual unreacted lactone was removed from the polyester block copolymer (P1 ). and a polymer obtained 
was dissolved in a solvent HFIP/CDCI3 (heavy chloroform)=9/1 which contains a small amount of tetramethylsilane, 
and there was measured the component ratio of a polybutylene terephthalate with respect to a polycaprolactone by a 
15 proton NMR. 

[0347] It was confirmed that the polycaprolactone content in the polyester block copolymer (PI) is in a range of 
59.9/40.1 to 60.3/39,7 in all resins in the present invention I. 

Ml value: 

20 

[0348] It was measured at a sample temperature of 230*C in heating and a loading of 2,160 kgf according to JIS 
K7210. 

[0349] The above value are employed even as a value of T:230*C and P:2,1 60 kgf in the following Ml value (T, p, t). 
25 Melt viscosity stability: 

[0350] The melt viscosity stability is shown by Ml (T, p, t+10)/MI (T, p, t). In the equation, the Melt Index (Ml (T, p, t)) 
value is a value at a heating temperature (T), loading (P), and heating time of period (t) which are described in the JIS 
K7210, and T is not less than S^C-hlgher temperature than a melting point of the composition (R), and it is a lowest 
30 temperature of experimental temperature described In Table 1 of the JIS K721 0. P is a value selected so that Ml value 
becomes a range of 1-30 g/10 minutes. 

[0351 ] M I (T, P, t+1 0) is a value when heating time of period is set up at t4-1 0 minutes in the above conditions T and P 
[0352] In the Examples described below, specifically, T is 230*0, P is 2.16 kgf, and T is a time of period regulated 
in JIS. 

35 

Tensile strength and extension: 

[0353] Tips were molded into a plain plate having the thickness of 2 mm using a heating press, and Dumbbell No. 
3 test piece was punched, and the test piece was extended at the speed of 200 m/mlnutes, and strength Is shown by 
40 a value in which a load (kgf) at break is divided by an initial cross sectional area (cmg). the extension ratio (%) is a 
proportion of extension in the original test piece with respect to length of an original test sample. 

Melting point: 

45 [0354] Melting point is a peak temperature in melting measured by a differential scanning calorimeter (DSC) appa- 
ratus according to JIS K71 21 . 

Color hue: 

50 [0355] Yellow Index (Yl) value was measured by a color difference meter Z-90 manufactured by Nihon Denshoku 
Kogyo. 

Acid value: 

55 [0356] Sample was dried at lOO^C and a reduced pressure for 20 hours, followed by weighing 1 .0 g and thermally 
dissolving in 50 g of benzyl alcohol at 160*C. After having cooled by water, 50 g of chloroform was added and mixed. 
Using phenol phthalein as an indicator, titration was conducted by a 1/10 nonnal KOH ethanol solution. There were 
decided values at 0 minute by an extrapolation method from appropriate three points in which dissolving time of period 
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is 1 0-30 minutes and, a value in which an acid value in a mixture of benzyl alcohol with chlorofonn was taken off from 
the values employed as an acid value (mgKOH/g) of the samples. The acid value in the mixture was separately meas- 
ured. 

5 Hydrolysis resistance: 

[0357] The plain plate having the thickness of 2 mm prepared by molding the tips using a heating press was immersed 
in hot water of 95^*0 for 7 days to hydrolyze, and Dumbbell No. 3 test pieces were punched from the plate. Test pieces 
were extended at speed of 200 mm/minute, a value in which load (kg) at break was divided by an Initial cross sectional 
10 area (cmg) is shown as a strength (kg/cmg), and the extension ratio (%) is shown as a proportion of extension in the 
test piece until a break with respect to length of an original test sample. The extension ratio in the case of not conducting 
a hydrolysis treatment is shown as 100%, and it is compared to an extension ratio in the case of having broken. 

Heat resistance stability: 

15 

[0358] The plain plate having the thickness of 2 mm prepared by molding the tips using a heating press was placed 
in a gear oven adjusted to 165*C for 14 days to themnally-treat, and Dumbbell No. 3 test pieces were punched from 
the plate. Test pieces were extended at speed of 200 mnrVminute, and a value in which load (kgf) when having broken 
was divided by an initial cross sectional area (cmg) is shown as a strength (kgf/cmg), and the extension ratio (%) is 
20 shown as a proportion of extension in the test piece until a break with respect to length of an original test sample. The 
extension ratio in the case of not being thermally treated is shown as 100%, and it is compared to an extension ratio 
in the case of having broken. 

Modulus of strain hardening: 

25 

[0359] It is shown as a slope of a straight line obtained by plotting e and ln(TiE/3T|*) when is a value obtained by 
a measurement of extension viscosity at a constant strain rate and 230*C, e is strain herein, and t\* is a value obtained 
by a measurement of shear viscosity. Results are shown as follows. In the case that the slope is not less than 1 .0, a 
sample shows ( ©) the modulus of strain hardening, in the case that the slope is less than 1 .0, a sample slightly shows 
30 (O) the modulus of strain hardening, and in the case that the slope is 0, a sample does not show (x) the modulus of 
strain hardening. It is to be noted that it is shown by a value in the case of the present invention VII. 

Draw down property: 

35 [0360] Capirograph manufactured by Toyo Seiki was equipped with a capillary having a diameter of 3 mm and length 
of 10 mm. and a resin was extruded at 240**C and an extruding rate of 20 mm/min. A time of period when a strand Is 
300 mm-extended was compared to a time of period when a strand is 60 mm-extended to calculate the ratio. For blow 
molding, it is prefen^ed that the ratio is not less than 3. 

^0 Feeding molar ratio (A:D): 

[0361] Addition ratio % by mol of the multifunctional compound (D) was calculated from a number average molecular 
weight of the polyester (A) measured by GPC based on a standai-d polymethyl methacrylate (PMMA), and a formulating 
mol amount of the (A) was decided based thereon. Supposing that the fomnulating mol amount of the (A) is 100% by 
45 mol, the addition ratio % by mol of the multifunctional compound (D) is decided in a range of 0.01 -5.0% by mol depending 
upon uses. 

[0362] As a column in the GPC, there were employed Shodex GPC HFIP-800P, HFIP-805P, HFIP-804P, and HFIP- 
803P manufactured by Showa Denko, Ltd., and RID-6A manufactured by Shimadzu Seisakusyo was employed as a 
detector. As an elution liquid, hexafluoro isopropanol was employed, and a measurement was conducted at a column 
so temperature of SO'^C and a flow rate of 1 .0 ml/min. 

<Raw material> 

Crystalline aromatic polyester 

55 

[0363] As the crystalline aromatic polyester, there was employed a polybutylene terephthalate (PBT) described below 
having hydroxyl groups at terminals of a molecule. 

[0364] PBT {A1) employed in the present invention I is a commercially supplied polybutylene phthalate having a 
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melting point of approx innately 230**C which is composed of terephthalic acid and isophthalic acid which are an acid 
component and 1 ,4-butane diol which is a glycol component, and which has a number average molecular weight of 
39.000. 

[0365] PBT (A1) employed in the present invention II is a commercially supplied polybutylene phthalate having a 
melting point of approximately 230**C which is composed of terephthalic acid and isophthalic acid which are an acid 
component and 1 ,4-butane diol which is a glycol component, and which has a number average molecular weight of 
35,000. 

[0366] PBT (A1) employed in the present invention III is a commercially supplied polybutylene phthalate having a 
melting point of approximately 230*^0 which is composed of terephthalic acid and isophthalic acid which are an acid 
component and 1 ,4-butane diol which is a glycol component, and which has a number average molecular weight of 
31.000. 

[0367] PBT (A^) employed in the present invention IV is a commercially supplied polybutylene phthalate having a 
melting point of approximately aoS'^C which Is composed of terephthalic acid and isophthalic acid which are an acid 
component and 1 ,4-butanediol which is a glycol component, and which has a number average molecular weight of 
35,000. 

[0368] Likewise, PBT (Ag) is a commercially supplied polybutylene phthalate having a melting point of approximately 
185*C which is composed of terephthalic acid and isophthalic acid which are an acid component and 1 ,4-butanediol 
which Is a glycol component, and which has a number average molecular weight of 35,000. 

[0369] PBT (A1) employed In the present invention V Is a commercially supplied polybutylene phthalate having a 
melting point of approximately 230*C which is composed of terephthalic acid and isophthalic acid which are an acid 
component and 1 ,4-butanediol which Is a glycol component, and which has hydroxyl groups at terminals of a molecule 
and has a number average molecular weight of 39,000. However. PBT (A1) employed in Comparative Example V-l is 
a commercially supplied polybutylene phthalate having a melting point of approximately 230 *C which is composed of 
terephthalic acid and isophthalic acid which are an acid component and 1 ,4-butanediol which is a glycol component, 
and which has a number average molecular weight of 35,000. 

[0370] PBT (Ai) employed in the present inventions VI and VII Is a commercially supplied polybutylene phthalate 
having a melting point of approximately 230 *C which is composed of terephthalic acid and isophthalic acid which are 
an acid component and 1 ,4-butanediol which is a glycol component, and which has a number average molecular weight 
of 39,000. 

Abbreviations of substances to be formulated: 
[0371] 

Phenylglycidyl ether (GPE) 

Kardular E-10 (a glycidyl type monoepoxy compound) 

Bisphenol F diglycidyl ether (BFDGE) 

Cyclohexane dicarboxylic acid diglycidyl ester (CHDDG) 

3.4-epoxycyclohexylmethyl-3,4-epoxycyclohexanecarboxylate (Clloxide 2021 P manufactured by Daicel Chemical 
Industries, Ltd.) 
Triphenylphosphine (TPP) 

Tetraxis[methyIene-3-(3,5-di-t-butyl-4-hydroxyphenyl) propionatejmethane (a trade name: Irganox 1010) 
Reaction vessel for synthesis of a polyester block copolymer: 

[0372] As the reaction vessel for synthesis of a polyester block copolymer, there was employed a vessel equipped 
with an agitator, a thennometer, a condenser, and a line for distilling out. 

Extruder for kneading: 

[0373] There was employed a 32 mm 4> twin-screw extruder (merely abbreviated as an extruder). 
Conditioned test piece: 

[0374] From a polyester block copolymer composition, a sheet having thickness of 1 mm was prepared by compres- 
sion molding, and a tensile lest piece having thickness of 1 mm was prepared by punching, which is shown in JIS 
K7113N0. 2. 

[0375] The test piece was placed in an oven set up at a temperature of 140*C, and sampling was conducted with a 
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time lapse, and it was employed as a conditioned test sample after having placed in a room conditioned at 25**C and 
50 RH% for 24 hours. 

[0376] Hereinafter, Examples are illustrated In relation to the present invention L 
(Examples 1-1 to 1-3) 

[0377] 60 kg of a sufficiently dried polybutylene terephthalate chips were heated to 140**C in a batch type tank type 
reaction vessel, and there were supplied 42.6, 41 .2, and 40.8 kg of e-caprolactone heated to 200'C, respectively, into 
the vessel. While agitating at aSO'C under a nitrogen gas atmosphere, a reaction was conducted, respectively. At a 
period at which average concentration of unreacted lactone intends to become 2.53. 1.19. and 0.79% by weight, re- 
spectively, pellet like resins were taken out to measure an amount of the unreacted lactone and an acid value. The 
resins obtained were further placed under a reduced pressure at 1 20*C in a pellet like to remove the unreacted lactone 
and to measure a melting point and an Ml value. Results are collectively shown in Table 1-1 . 

(Comparative Example 1-1) 

[0378] The same procedures were followed as in the Example 1-1 except that e-caprolactone to be employed was 
changed to 40.4 kg and average concentration of unreacted lactone becomes 0.40% by weight to take out a resin and 
to analyze. Results are collectively shown in Table 1-1 . 

(Examples 1-4 to 1-6) 

[0379] A twin-screw extruder was equipped with a hopper and a screw style feeder at an upper portion. Likewise as 
in the Example 1-1 , a sufficiently dried polybutylene terephthalate chips were filled in the hopper, and maintained under 
a nitrogen atmosphere. An equipment for charging e-caprolactone was equipped at a portion of the twin-screw extruder, 
and a tank which is maintained under a nitrogen atmosphere was connected through a pump. Operating conditions of 
apparatuses were adjusted so that a temperature of a mixed liquid discharged from the extruder is maintained at 230**C. 
[0380] Resins continuously discharged from the twin-screw extruder were continuously fed to a twin-screw contin- 
uous kneader having kneading discs (KRC manufactured by Kurimoto Tekkosyo), and operating conditions of appa- 
ratuses were adjusted so that a resin temperature is maintained at 230''C. 

[0381] Weight ratio of the polybutylene terephthalate resin with respect to e-caprolactone was fixed at 42.6, 41.2, 
and 40.8, respectively, with respect to 60 of the polybutylene terephthalate and, at a period at which average concen- 
tration of unreacted lactone becomes 2.53. 1.19, and 0.79% by weight, respectively, pellet like resins were taken out 
to measure the amount of the unreacted lactone and an acid value. The resins obtained were further placed at a 
reduced pressure and 120*C to remove the unreacted lactones and to measure a melting point and an Ml value. 
[0382] Results are collectively shown in Table 1-2. 

(Comparative Example 1-2) 

[0383] The same procedures were followed as in the Example 1-4 except that the weight ratio of the polybutylene 
terephthalate resin with respect to e-caprolactone was fixed at 40,4 with respect to 60 of the polybutylene terephthalate 
and average concentration of the unreacted lactone in resins discharged is maintained 0.40% by weight to likewise 
analyze. Results are collectively shown in Table 1-2. 

(Examples 1-7 to 1-9 and Comparative Example 1-3) 

[0384] The same procedures were followed as in the Examples 1-4 to 1-6 and Comparative Example 1-2 except that 
temperature of respective resins to be discharged is adjusted to 236**C in a twin screw extrude and a continuous 
kneader Results are collectively shown in Table 1-3. 



Table 1-1 







Example 1-1 


Example 1-2 


Example 1-3 


Comparative Example 1-1 


Reaction time of period 


min 


54 


77 


94 


132 


Concentration of 
Unreacted lactone 


Weight% 


2.61 


1.22 


0.80 


0.45 


Acid value 


mgKOH/g 


1.80 


1.80 


2.05 


2.45 
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Table 1-1 (continued) 







Example 1-1 


Example 1-2 


Example 1-3 


Comparative Example 1-1 


Peak Temperature in 
Melting (Tm) 




204.4 


203.7 


202.3 


198.3 


Initiating temperature Of 
melting (Tim) 




189.0 


187.9 


185.8 


180.7 


M 1 value 


g/1 Omin 


2.5 


2.8 


3.2 


4.5 



Table 1-2 







Example 1-4 


Example 1-5 


Example 1-6 


Comparative Example 1-2 


Reaction time of Period 


min 


49 


67 


81 


112 


Concentration of 
Un reacted lactone 


Weight% 


2.60 


1.21 


0.81 


0.43 


Acid value 


mgKOH/g 


1.75 


1.75 


1.85 


2.25 


Peak Temperature in 
Melting (Tm) 


*»C 


207.4 


206.4 


205.2 


203.1 


Initiation temperature Of 
melting (Tim) 


•c 


192.0 


190.5 


188.8 


184.7 


M 1 value 


g/1 Omin 


2.4 


2.5 


2.8 


3.4 



Table 1-3 







Example 1-7 


Example 1-8 


Example 1-9 


Comparative Example 1-3 


Reaction time of Period 


min 


40 


55 


68 


98 


Concentration of 
Unreacted lactone 


Weight% 


2.60 


1,21 


0.81 


0.43 


Acid value 


mgKOH/g 


1.85 


1.90 


2.00 


2.55 


Peak Temperature in 
Melting (Tm) 


»C 


205.2 


204.5 


203.5 


201.7 


Initiating temperature Of 
melting(Tim) 


•c 


190.1 


188.9 


187.2 


183.0 


M 1 value 


g/1 Omin 


2.4 


2.5 


3.2 


5.4 



[0385] By the present invention I, in the case of obtaining a polyester block copolymer (PI) from a crystalline aromatic 
polyester and lactones, it was confirmed that there can be obtained the polyester block copolymer (P1 ) having a higher 
molecular weight which is excellent in heat resistance and hydrolyzability by remaining a fixed amount of unreacted 
lactones in the polyester block copolymer (PI ). 

[0386] Further, there was able to be confimned an effect for elevating a reaction rate of the crystalline aromatic 
polyester (A1) with lactones (B) by increasing an amount of the unreacted lactones. 
[0387] Hereinafter, Examples are illustrated in relation to the present invention II. 

(Examples 11-1 to 11-3) 

[0388] 60 kg of a sufficiently dried polybutylene terephthalate chips were heated to 140**C in a batch type tank type 
reaction vessel, and there were supplied 42.6, 41 .2. and 40.8 kg of e-caprolactone heated to 200**C, respectively, into 
the vessel. While agitating at 230*0 under a nitrogen gas atmosphere, a reaction was conducted, respectively. At a 
period at which average concentration of unreacted lactone intends to become 2.53, 1 .19, and 0.79% by weight, re- 
spectively, pellet like resins were taken out to measure an amount of the unreacted lactone and an acid value. The 
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pellet like resins obtained were further allowed to react In a flask equipped with agitating blades at 165**C in a solid 
phase and cooled after 20 hours to measure a melting point and an Ml value. Results are collectively shown in Table 11-1 . 

(Comparative Example 11-1) 

[0389] The same procedures were followed as in the Example 11-1 except that e-caprolactone to be employed was 
changed to 40.4 kg and average concentration of unreacted lactone becomes 0.40% by weight to take out a resin in 
a pellet state and to analyze. Results are collectively shown in Table 11-1 . 

(Examples IMto 11-6) 

[0390] A twin-screw extruder was equipped with a hopper and a screw style feeder at an upper portion. Likewise as 
in the Example 1 , a sufficiently dried polybutylene terephthalate chips were filled in the hopper, and maintained under 
a nitrogen atmosphere. An equipment for charging e-caprolactone was equipped at a portion of the twin-screw extruder, 
and a tank which is maintained under a nitrogen atmosphere in which e-caprolactone was filled was connected through 
a pump. Operating conditions of apparatuses were adjusted so that a temperature of a mixed liquid discharged from 
the extruder is maintained at 230**C. Resins continuously discharged from the twin-screw extruder were continuously 
fed to a twin-screw continuous kneader having kneading discs (KRC manufactured by Kurimoto Tekkosyo), and oper- 
ating conditions of apparatuses were adjusted so that a resin temperature is also maintained at 230**C. 
[0391] Weight ratio of the polybutylene terephthalate resin with respect to e-caprolactone was fixed at 42.6, 41 .2, 
and 40.8, respectively, with respect to 60 of the polybutylene terephthalate and, at a period at which average concen- 
tration of unreacted lactone becomes 2.53, 1.19. and 0.79% by weight, respectively, pellet like resins were taken out 
to measure the amount of the unreacted lactone and an acid value. The pellet state resins obtained were further allowed 
to react in a solid phase at reduced pressure of 0.5 torr and 1 65''C in a flask equipped with agitating blades and cooled 
after 20 hours to remove the unreacted lactones and to measure a melting point and an Ml value. Results are collectively 
shown in Table 11-2. 

(Comparative Example 11-2) 

[0392] The same procedures were followed as in the Example 11-4 except that the weight ratio of the polybutylene 
terephthalate resin with respect to e-caprolactone was fixed at 40.4 with respect to 60 of the polybutylene terephthalate 
and average concentration of the unreacted lactone in resins discharged is maintained 0,40% by weight to likewise 
analyze. Results are collectively shown in Table 11-2. 

(Examples H-7 to 11-9 and Comparative Example 11-3) 

[0393] The same procedures were followed as in the Examples 11-4 to 11-6 and Comparative Example 11-2 except that 
respective temperatures of resins to be discharged from the twin-screw extruder and the twin-screw continuous kneader 
were adjusted to 236'*C and the reaction temperatures in a solid phase was adjusted to 170*C, and reaction time of 
period in a solid phase was adjusted to 15 hours. Results are collectively shown in Table 11-3. 



Table IM 







Example 11-1 


Example 11-2 


Example 11-3 


Comparative Example II- 
1 


Reaction time of Period 
at first step 


min 


42 


58 


72 


118 


Concentration of 
Unreacted lactone 


Weight% 


2.50 


1.21 


0.81 


0.43 


Acid value a 


mgKOH/g 


2.75 


2.80 


3.00 


3.45 


Peak Temperature in 
Melting (Tm) 


*C 


203.3 


202.8 


201.2 


197.4 


Initiation temperature Of 
meltingfTim) 


*»C 


187.7 


186.6 


184.4 


179.2 


M 1 value 


g/10min 


7.0 


8.2 


10.2. 


14.8 
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Table 11-2 







Example 11-4 


Example 11-5 


Example 11-6 


Comparative Example II- 
2 


Reaction time of Period 
at first step 


min 


34 


45 


55 


85 


Concentration of 
unreacieu lacione 


Weight % 


2,53 


1.20 


0.80 


0.41 


Acid value 


mgKOH/g 


2.55 


2.60 


2.85 


3.30 


Peak Tennperature in 
Melting (Tm) 




206.5 


205.3 


204.4 


202.3 


Initiation tennperature Of 
melting(Tim) 




190.7 


189.2 


187.3 


183.2 


M 1 value 


g/10min 


5.4 


7.0 


9.3 


12.1 



Table 11-3 







Example tl-7 


Example 11-8 


Example 11-9 


Comparative Example II- 
3 


Reaction time of Period 
at first step 


min 


26 


34 


41 


66 


Concentration of 
Unreacted lactone 


Weight% 


2.55 


1.22 


0.81 


0.40 


Acid value 


mgKOH/g 


2.55 


2.65 


2.90 


3.50 


Peak Temperature in 
Melting (Tm) 


•c 


204.1 


203.5 


202.3 


200.9 


Initiation temperature Of 
meltingfTim) 


*»C 


188.9 


187.3 


185.8 


181.5 


M 1 value 


g/10mln 


5.2 


6.8 


8.9 


12.9 



[0394] The polyester block copolymer having a high molecular weight obtained by the present invention II has a 
higher melting point than that of a copolymer obtained by conventional methods and, particularly, in which broadening 
of a low melting point portion can be reduced in a melting peak and, whereby, there was able to be obtained a polyester 
block copolymer which is excellent in heat resistance and molding processability and has a higher viscosity and mo- 
lecular weight. 

[0395] Hereinafter, Examples are illustrated in relation to the present invention III. 
[Preparation Example III-1] (Preparation of a polyester block copolymer [TPEE (PA-1)]) 

[0396] 60 kg of a commercially supplied PBT ( ) and 40 kg of e-caprolactone were fed in a reaction vessel, followed 
by allowing to react in a melting state at 235*C for 2 hours after purging nitrogen. After that, unreacted e-caprolactone 
was removed at a reduced pressure, and a strand state resin was taken out of a valve set up at a bottom of the reaction 
vessel with a gear pump, followed by molding into pellets. In the resin obtained, an Ml value was 15.2 g/10 minutes, 
tensile strength was 290 kg/cm^, and extension at break was 680%. A melting point was 203.5*C, and an acid value 
was 1 ,5 mgKOH/g, and color hue was Yl of 15. 

[Preparation Example III-2] (Preparation of a polyester block copolymer [TPEE (PA-2)]) 

[0397] There were heated 2390 parts of dimethylterephthalate, 1460 parts of a poly(tetramethylene)glycol having a 
number average molecular weight of 1400, and 1664 parts of 1 ,4-butanediol together with 0.04% (based on total of 
raw resin materials) of titanium tetrabutoxide which is a catalyst at 21 0**C for 2 hours to distill off 95% of a theoretical 
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amount of methanol to an outside of a system. 

[0398] Subsequently, temperature was raised to ZAS^C, and internal pressure of a system was reduced to not more 
than 0.2 mm Hg over 50 minutes, and polymerization was conducted for 3 hours under the conditions. After that, a 
strand state resin was taken out of a valve set up at a bottom of the reaction vessel with a gear pump, followed by 
molding into pellets. In the resin obtained, an Ml value was 16,1 g/1 0 minutes, tensile strength was 310 kg/ cm^, and 
extension at break was 620%. A melting point was 210.4"C, and an acid value was 1 .2 mgKOH/g, and color hue was 
Ylof 21, 

(Examples lil-1 to III-6) 

[0399] Into 100 parts by weight of a polyester block copolymer (PA-1) or (PA-2) obtained hereinabove, there were 
added after weighing compounds selected from GPE, Kardu!a-E-10, TPP, sodium stearate. and Irganox 1010 in the 
weight part described in Table III-1 , respectively, followed by mixing In a drum tumbler at a room temperature for 30 
minutes. Mixture was melt-mixed using an extruder at 230*»C for a heating time of 1 minute, extruded, and cut after 
cooled in water to pelletize. Pellets obtained were fed into a tank type apparatus which can be heated and agitated, 
and can be pressure-reduced and purged by nitrogen, and preheated at conditions of 100'C and 1 00 torr for 3 hours. 
Further, the apparatus was purged by nitrogen and returned to an ordinary pressure, and a thennal treatment was 
conducted at 1 80°Cfor a time of period shown in Table II 1-1 , respectively. After the treatment, the apparatus was cooled 
under nitrogen, and pellets were taken out to measure respective physical properties and analytical values. 
[0400] Conditions and measurement results are shown in Table III-1 . 

[0401] In the Table, there are obtained resins, in which a decline of color hue and viscosity is low, and which has 
excellent physical properties, and in which an acid value can be reduced by a small amount of the epoxy compounds. 
Further, volatile components in melt-mixing were less in all Examples compared to the Comparative Examples. 

(Comparative Examples II 1-1 to 1 11-8) 

[0402] Into 100 parts by weight of a polyester block copolymer (PA-1) or (PA-2), there were added after weighing 
compounds selected from GPE, Kardular E-1 0, TPP, sodium stearate, and Irganox 1 01 0 in the weight part described 
in Table III-2, respectively, followed by mixing in a drum tumbler at a room temperature for 30 minutes. 
[0403] Mixture was melt-mixed while controlling a feeding amount using an extruder at a temperature shown in Table 
1 1 1-2 extruded, and cut after cooled, respectively, in water to pelletize. 

[0404] Respective physical properties and analytical values were measured in relation to the pellets obtained. Con- 
ditions and measurement results are shown in Table III-2. From the Table, it was confirmed that a large amount of the 
epoxy compounds are required in order to sufficiently lower an acid value, and it Is supposed that there become worse 
physical properties such as color hue and viscosity. 

(Examples III-7 to 111-10) 

[0405] Into 1 00 parts by weight of a polyester block copolymer (PA-1 ), there were added after weighing compounds 
selected from GPE, Kardular E-10, TPP, sodium stearate, and Irganox 101 0 in the weight part described in Table III- 
3, respectively, followed by mixing In a drum tumbler at a room temperature for 30 minutes. Mixture was melt-mixed 
using an extruder at 230*C for a heating time of 1 minute, extruded, and cut after cooled in water to pelletize. 
[0406] Pellets obtained were fed into a tank type apparatus which can be heated and agitated, and can be pressure- 
reduced and purged by nitrogen, and preheated at conditions of 1 0O^C and 1 00 ton^ for 2 hours. Further, the apparatus 
was purged by nitrogen and returned to an ordinary pressure, and a thennal treatment was conducted at 180**C for a 
time of period shown in Table 1 1 1-3, respectively. 

[0407] After the treatment, the apparatus was cooled under nitrogen, and pellets were taken out to measure respec- 
tive physical properties and analytical values. Conditions and measurement results are shown in Table 111-3. In the 
Table, there are obtained resins and, in which an acid value can be reduced by a small amount of the epoxy compounds 
and, in which viscosity is sufficiently elevated and an elevation of viscosity by remelting is less, and which has excellent 
color hue and physical properties. 

(Comparative Examples 111-9 to 111-13) 

[0408] Into 1 00 parts by weight of a polyester block copolymer (PA-1 ), there were weighed compounds selected from 
GPE, Kardular E-10, TPP, sodium stearate, and Irganox 1010 in the weight part described in Table III-4, respectively, 
followed by mixing in a drum tumbler at a room temperature for 30 minutes. Mixture was melt-mixed while controlling 
a feeding amount using an extruder at a temperature of 260**C for 5 minute, extruded, and cut after cooled in water to 
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pelletize. Respective physical properties and analytical values were measured in relation to the pellets obtained. Con- 
ditions and measurement results are shown in Table MI-4. From the Table, it was confirmed that a large amount of the 
epoxy compounds are required in order to sufficiently lower an acid value, and an elevation of viscosity is not sufficiently 
caused, and an elevation of viscosity by reheating is large. 

(Example 111-11) 

[0409] Into 1 00 parts by weight of a polyester block copolymer (PA-1 ), there were weighed compounds selected from 
GPE, BFDGE, TPP. and Irganox 1010 in the weight part described in Table III-3, respectively, followed by mixing in a 
drum tumbler at a room temperature for 30 minutes. Mixture was melt-mixed using an extruder at 230**C for a heating 
time of 1 minute, extruded, and cut aftercooled In water to pelletize. Pellets obtained were fed into a tank type apparatus 
which can be heated and agitated, and can be pressure-reduced and purged by nitrogen, and elevated to 180'*C at 
an ordinary pressure, and a thennal treatment was conducted for 10 hours. After cooled under nitrogen, and pellets 
were taken out to measure respective physical properties and analytical values. 
[0410] Conditions and measurement results are shown in Table III-3. 
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[0411] In the present Invention III, there can be controlled a reaction ratio of the epoxy compound (C) employed by 
thermally treating the polyester block copolymer composition (Q) in a solid phase, and an acid value can be particularly 
suppressed in a low level. Whereby, there can be improved heat resistance and hydrolysis resistance, and there can 
be provided the composition (R) having a melt viscosity stability by decreasing residual epoxy compounds, and which 
has a more excellent color hue compared to a product obtained by conventional methods for the preparation. 
[0412] Hereinafter. Examples are illustrated in relation to the present invention IV. 
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[Reference Example IV-1] Preparation of a polyester block copolymer (P<|') 

[0413] 80 parts of a commercially supplied PBT (A^) and 20 parts of e-caprolactone (B^) were fed into the reaction 
vessel, and a reaction was conducted at 235*C for 1 hour while agitating. 

[0414] Subsequently, pressure was reduced from an ordinary pressure to not more than 1 ton- over 1 hour while 
maintaining the temperature, and residual e-caprolactone in a system was removed while maintaining a reduced pres- 
sure state for further 1 hour. 

[0415] In the polyester block copolymer (P^') obtained, a melting point was 185*C, and Ml was 11 g/10 minutes. 
[Reference Example IV-2] Preparation of a polyester block copolymer (Pg ) 

[0416] 85 parts of a commercially supplied PBT (A2) and 15 parts of e-caprolactone (B^) were fed into the vessel, 
and a reaction was conducted at 235"C for 1 hour while agitating. 

[0417] Subsequently, pressure was reduced from an ordinary pressure to not more than 1 torr over 1 hour while 
maintaining the temperature, and residual e-caprolactone in a system was removed while maintaining a reduced pres- 
sure state for further 1 hour. 

[0418] In the polyester block copolymer (Pg') obtained, melting point was 174«C, and Ml was 12 g/10 minutes. 
[Examples lV-1 to IV-24] 

[0419] Polyester block copolymer composition is a compound in which an epoxy compound (C^ or C2) having one 
or more functionalities, an oxalic acid derivative (D^), salicylic acid derivatives (D2 and D3), a hydrazide derivative (D4), 
and a variety of stabilizers (E^ and Eg) are mixed with the polyester block copolymer (P^* or P^) prepared in the Ref- 
erence Examples IV-1 and IV-2, and heated and kneaded by an extruder. Fomriulation amount is shown in Table lV-1. 
[0420] Test pieces were prepared using the polyester block copolymer composition. 

[0421] A copper foil having width of 5 mm was spirally wound at a pitch of 5 mm interval between marked lines In 
the test samples. 

[0422] Subsequently, the test pieces around which the copper foil is wound were put between PVC sheets having 
30 mm (length) x 30 mm (width) x 1 mm (thickness) and, further, the PVC sheets In which the test pieces are put 
between were put between SUS 304-made metal plates having 35 mm (length) x 35 mm (width) x 3 mm (thickness) 
to prepare a composite layer. The weight of 5 kgf was placed on the composite layer, followed by placing in an oven 
set up at 140^*0. 

[0423] Tensile extension at break was measured In relation to the test pieces placed in the oven. 

[0424] Results are shown in Table lV-3. A higher change with a lapse of time in the tensile extension at break shows 

a more progressed deterioration. 

[Comparative Examples IV-1 to IV-7] 

[0425] Likewise as in the Examples IV-1 to 1 V-24, a polyester block copolymer composition is a compound in which 
a variety of additives are mixed with the polyester block copolymer (P^' or P2') prepared in the Reference Examples 
lV-1 and IV-2, and heated and kneaded by an extruder. Formulation amount is shown in Table lV-1 . 
[0426] In relation to the polyester block copolymer composition, tests according to the Example IV-1 were conducted. 
Results in measurement are shown in Table IV-3. 

[Comparative Examples IV-8 to IV-1 3] 

[0427] A polyamlde resin having a relative viscosity of 1 .80 and a melting point of 178*C was obtained by adding 
dodecanoic diacid in polymerization of a Nylon 12 of Daicel Huels, Ltd. It is to be noted that the relative viscosity in the 
polyamide resin was obtained by measurement of a solution viscosity in which a 0.5%-metacresol solution according 
to DIN 53727. 

[0428] A variety of additives were formulated in the polyamide resin as shown in Table IV-2, followed by compounding 
to prepare a polyamide resin composition by an extruder 

[0429] In relation to the polyamide resin composition, tests according to the Example IV-1 were conducted. Results 
in measurement are shown in Table IV-3. 

[0430] It is to be noted that symbols In the Table IV-1 and the Table IV-2 are as follows. 

C^ Monoglycidylester (Trade name: Kardula E10 manufactured by Shell Japan) 
Cg Diglycidylester (Trade name: Epomic R540 manufactured by Mitsui Kagaklu) 
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Di Oxalic acid derivative: bisbenzylidenehydrazlde oxalate 

D2 Salicylic acid derivative 1: 3-(salicyloyl)amlno-1,2,4-triazole 

D3 Salicylic acid derivative 2: decanedlcarboxylic acid disalicyloyi hydrazide 

D4 Hydrazide derivative: N.N'-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionyl]hydrazine 

Stabilizer 1 : Tetrakis[methylene-3-(3',5'-di-t-butyl-4-hydroxyphenyi)propionate]methane 
E2 Stabilizer 2: Organic composite phosphite (Trade name: Advastab (manufactured by Katsuta Kako)) 
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Table IV-2 



5 




Polyamde 
resin 
PBW 


Salicylic 
acid Derlv. 
Di PBW 


Salicylic 
acid Deriv. 
Dg PBW 


Salicylic 
acid Deriv. 
D3 PBW 


Hydrazide 

Deriv. 
D4 PBW 


Stabilizer 
E^ PBW 


Stabilizer 
Eo PBW 




C.Exam. 
IV-8 


100 














10 


C.Exam. 
IV-9 


100 










0.5 


0.5 




C.Exam. 
IV-10 


100 


0.5 








0.5 


0.5 


15 


C.Exam. 
IV- 11 


100 




0.5 






0.5 


0.5 




C.Exam. 
IV-12 


100 






0.5 




0.5 


0.5 


20 


C.Exam. 
IV'13 


100 








0.5 


0.5 


0.5 



Table IV - 3 
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Tensile strength at break (%) 


Placed days 


0 


5 


7 


10 


14 


17 


20 


23 


27 


30 


Example IV-1 


485 


480 


485 


460 


435 


410 


390 


325 


190 


50 


Example IV-2 


470 


480 


480 


470 


450 


390 


385 


310 


160 


45 


Example IV-3 


465 


475 


470 


470 


465 


440 


415 


370 


305 


240 


Example IV-4 


420 


435 


420 


410 


400 


360 


290 


210 


80 


25 


Example IV-5 


415 


420 


420 


395 


400 


350 


265 


240 


110 


25 


Example IV-6 


420 


425 


425 


420 


405 


390 


325 


270 


200 


60 


Example IV-7 


480 


475 


470 


450 


435 


400 


375 


305 


175 


45 


Example fV-8 


465 


460 


465 


440 


435 


410 


390 


290 


215 


90 


Example IV-9 


460 


475 


460 


445 


450 


435 


405 


385 


325 


215 


Example IV-10 


420 


420 


420 


390 


380 


360 


300 


240 


120 


40 


Example IV-11 


410 


430 


400 


400 


365 


370 


320 


245 


135 


0 


Example IV-12 


420 


425 


420 


420 


405 


390 


370 


345 


290 


175 


Example IV-1 3 


490 


470 


475 


470 


465 


410 


355 


280 


245 


80 


Example IV-1 4 


480 


480 


470 


455 


465 


430 


400 


265 


205 


110 


Example IV-1 5 


470 


485 


480 


460 


455 


450 


425 


410 


385 


310 


Example IV-1 6 


430 


415 


410 


405 


400 


375 


340 


295 


200 


95 


Example IV-1 7 


440 


430 


420 


400 


395 


375 


350 


305 


190 


100 


Example IV-1 8 


435 


430 


420 


420 


420 


405 


395 


345 


300 


190 


Example IV-1 9 


490 


450 


440 


420 


415 


395 


335 


245 


120 


25 


Example IV-20 


460 


440 


435 


440 


440 


420 


370 


275 


114.5 


25 


Example IV-21 


460 


465 


460 


445 


450 


430 


405 


370 


360 


190 


Example IV-22 


420 


420 


425 


400 


390 


365 


335 


275 


180 


100 
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Table IV - 3 (continued) 



Tensile strength at break (%) 




*foU 


4oU 


4i?0 


415 


410 


400 


385 


290 


160 


40 


example IV-^O 




A nr\ 
4<iU 


A^ t\ 

4 1 0 


41 0 


405 


400 


390 


345 


275 


170 


w.CX. IV- 1 




oUU 


HOC 
1 OO 


0 


0 


0 


0 


0 


0 


0 




4oU 


4oO 


425 


380 


375 


300 


260 


125 


0 


0 


U.tX. Iv-o 




460 


430 


400 


360 


280 


225 


95 


0 


0 




490 


470 


460 


390 


245 


90 


0 


0 


0 


0 


L».bX.IV-o 


485 


490 


440 


410 


380 


210 


75 


0 


0 


0 


o.fcx. iv-b 


480 


400 


325 


220 


60 


0 


0 


0 


0 


0 


C.Ex.lV-7 


475 


*-r 1 ij 


oou 






/IK 
40 


U 


f\ 
u 


0 


0 


C.Ex.lV-8 


360 


50 


0 


0 , 


. .0 


0 


0 


0 


0 


0 


C.Ex.lV-9 


350 


170 


45 


0 


0 


0 


0 


0 


0 


0 


C.Ex. IV-10 


355 


350 


300 


295 


290 


160 


0 


0 


0 


0 


C.Ex. IV-11 


360 


320 


280 


250 


0 


0 


0 


0 


0 


0 


C.Ex. IV-12 


330 


315 


300 


315 


295 


250 


0 


0 


0 


0 


C.Ex. IV-13 


320 


325 


315 


300 


220 


65 


0 


0 


0 


0 



[0431] The polyester block copolymer composition of the present Invention IV has an excellent heat resistance in 
contact with a metal and a PVC and, it is preferred as a heat sensitive body to be employed for a heater code in an 
electric blanket and electric carpet, and it can be also employed for a long time of period as a heat sensitive body even 
in direct contact with a metal-made short code or a heating wire and a PVC which is an outer cover. 
[0432] Hereinafter, Examples are illustrated in relation to the present invention V. 

[Comparative Example V-1] 

[0433] 60 parts of a PBT (A,) and 40 parts of e-caprolactone were fed into a reaction vessel, and a reaction was 
conducted at 235*C for 1 hour while agitating. Subsequently, pressure was reduced from an ordinary pressure to not 
more than 1 torr over 1 hour while maintaining the temperature, and residual e-capro(actone in a system was removed 
while maintaining a reduced pressure state for further 1 hour. 

[0434] In the polyester block copolymer obtained, a melting point was 205**C, and Ml was 11 g/10 minutes. It is to 
be noted that the modulus of strain hardening was not observed. 

[Comparative Example V-2] 

[0435] 30 parts by weight of Celloxide 2021 P and 1 part by weight of 2-ethyl-4-methyllmldazole were formulated with 
100 parts of a polyester block copolymer obtained in the Comparative Example V-1. followed by compounding to 
prepare a composition by a twin screw extruder. 

[0436] In the composition obtained, an Ml was 2 g/10 minutes, and the modulus of strain hardening was not observed. 
[Reference Example V-1] 

[0437] 60 parts of a PBT (A^) , 40 parts of e-caprolactone, and 5% by mol (0.01 03 part by weight) of trimethylolpropane 
were fed into the reaction vessel, and a reaction was conducted at 235*C for 1 hour while agitating. Subsequently, 
pressure was decreased from an ordinary pressure to not more than 1 torr over 1 hour while maintaining the temper- 
ature, and residual e-caprolactone in a system was removed while maintaining a reduced pressure state for further 1 
hour to obtain a polyester block copolymer (PA). 

[0438] In the polyester block copolymer (PA) obtained, a melting point was 194**C, and Ml was 2 g/10 minutes, and 
the modulus of strain hardening was observed. 
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[Reference Example V-2] 

[0439] 60 parts of a PBT (A^). 40 parts of e-caprolactone, and 2.5% by mol (0.0052 part by weight) of trimethylol- 
propane were fed into the reaction vessel, and a reaction was conducted at 235**C for 1 hour while agitating. Subse- 
quently, pressure was decreased from an ordinary pressure to not more than 1 torr over 1 hour while maintaining the 
temperature, and residual e-caprolactone in a system was removed while maintaining a reduced pressure state for 
further 1 hour to obtain a polyester block copolymer (PB). 

[0440] In the polyester block copolymer (PB) obtained, a melting point was 1 96**C. and IVII was 1 g/1 0 minutes, and 
the modulus of strain hardening was slightly observed. 

[Reference Example V-3] 

[0441] 60 parts of a PBT (A^), 40 parts of e-caprolactone, and 0.1% by mol (0.206 x IO.3 part by weight) of trimeth- 
ylolpropane were fed into a reaction vessel, and a reaction was conducted at 235**C for 1 hour while agitating. Subse- 
quently, pressure was reduced from an ordinary pressure to not more than 1 torr over 1 hour while maintaining the 
temperature, and residual e-caprolactone in a system was removed while maintaining a reduced pressure state for 
further 1 hour to obtain a polyester block copolymer (PC). 

[0442] In the polyester block copolymer (PC) obtained, a melting point was 194*'C, and Ml was 5 g/10 minutes, and 
the modulus of strain hardening was slightly observed. 

[Examples V-1 to V-11] 

[0443] A polyester block copolymer composition was prepared by fonnulating and compounding through heating 
and kneading an epoxy compound having one or more functionalities and a carbodiimide compound by an extruder 
with the polyester block copolymers prepared in the Reference Examples V-1 to V-3 at a ratio shown in Table V-1 to 
measure the modulus of strain hardening. Results are shown In Table V-1 . 

[0444] Further, test pieces and conditioned test pieces were prepared using the polyester block copolymer compo- 
sitions, and tensile extension at break was measured In relation to the conditioned test pieces. Results are shown in 
Table V-2. 

[0445] A higher change ratio of the tensile extension at break with a lapse of time shows a more progressed deteri- 
oration. 

[Comparative Example V-3] 

[0446] 60 parts of a PBT (A^). 40 parts of e-caprolactone, and 150% by mol (0.309 parts by weight) of trimethylol- 
propane were fed into a reaction vessel, and a reaction was conducted at235*Cfor 1 hour while agitating. Subsequently, 
pressure was reduced from an ordinary pressure to not more than 1 ton* over 1 hour while maintaining the temperature, 
and residual e-caprolactone in a system was removed while maintaining a reduced pressure state for further 1 hour to 
obtain a polyester block copolymer. 

[0447] In the polyester block copolymer obtained, a melting point was 1 79**C which was fairly lowered, and Ml was 
2 g/10 minutes, and the modulus of strain hardening was observed. 

[Comparative Examples V-4 to V-6] 

[0448] Likewise as in the Examples V-1 to V-11 , a polyester block copolymer composition was prepared by formulating 
and compounding through heating and kneading a variety of additives by a twin-screw extruder with the polyester block 
copolymer prepared in the Reference Examples V-1 to V-3. Formulation amount is shown in Table V-1 . In relation to 
the polyester block copolymer composition, tests were conducted according to the Examples V-1 to V-11 . Results in 
measurement are shown in Table V-2. 
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[0449] It is large In dependence upon extension rate, and provides a molded article having unifonn thickness in blow 
molding and, further, it has a characteristic of exceedingly less flashes in molding. Moreover, a molded article obtained 
from a composition is very excellent in heat resistance In addition to properties inherently possessed by a polyester 
block copolymer It does not cause a themrjal deterioration even being employed for a use exposed to a high temperature 
for a long time of period, and it provides a molded article having very excellent physical properties. 
[0450] Hereinafter, Examples are illustrated in relation to the present invention VI. 

[Reference Example VI-1] (Preparation of a polyester block copolymer (P-A)) 

[0451] 60 parts of a PBT (A^), 40 parts of e-caproiactone, and 150% by mol of 2,4-dihydroxy benzoate based on 
100% by mol of polybutylene phthalate were fed into a reaction vessel, and a reaction was conducted at 235**C for 1 
hour while agitating. 

[0452] Subsequently, pressure was reduced from an ordinary pressure to not more than 1 torr over 1 hour while 
maintaining the temperature, and residual e-caprolactone in a system was removed while maintaining a reduced pres- 
sure state for further 1 hour. In the polyester block copolymer obtained, a melting point was ISO^'C. and Ml was 2 g/ 
10 minutes. Further, the modulus of strain hardening was observed. The polyester block copolymer was designated 
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as Copolymer (P-A). 

[Reference Example VI-2] (Preparation of a polyester block copolymer (P-B)) 

5 [0453] 60 parts of a PBT (A^), 40 parts of e-caprolactone, and 50% by mol of 2,4-dihydroxy benzoate based on 1 00% 
by mol of a polybutylene phthalate were fed Into a reaction vessel, and a reaction was conducted at 235**C for 1 hour 
while agitating. 

[0454] Subsequently, pressure was reduced from an ordinary pressure to not more than 1 torr over 1 hour while 
maintaining the temperature, and residual s-caprolactone in a system was removed while maintaining a reduced pres- 
to sure state for further 1 hour. In the polyester block copolymer obtained, a melting point was 1 99**C, and Ml was 4 g/ 
10 minutes. Further, the modulus of strain hardening was observed. The polyester block copolymer was designated 
as Copolymer (P-B). 

[Reference Example VI-3] {Preparation of a polyester block copolymer (P-C)) 

IS 

[0455] 60 parts of a PBT (A^), 40 parts of e-caprolactone, and 0.1% by mol of 2,4-dihydroxy benzoate based on 
100% by mol of polybutylene phthalate were fed into a reaction vessel, and a reaction was conducted at 235*C for 1 
hour while agitating. 

[0456]. Subsequently, pressure was decreased from an ordinary pressure to not more than 1 torr over 1 hour while 
20 maintaining the temperature, and residual e-caprolactone in a system was removed while maintaining a reduced pres- 
sure state for further 1 hour. In the polyester block copolymer obtained, a melting point was 205**C, and Ml was 6 g/ 
10 minutes. Further, the modulus of strain hardening was observed. The polyester block copolymer was designated 
as Copolymer (P-C). 

25 (Examples VI-1 to VI-11) 

[0457] Polyester block copolymer composition was prepared by fonnulating and compounding through heating and 
kneading an epoxy compound having one or more functionalities and a carbodiimide compound by an extruder with 
the polyester block copolymers (P-A), (P-B), and (P-C) prepared in the Reference Examples VI-1 to VI-3. 
30 [0458] Formulating amount and the presence or absence of the modulus of strain hardening are shown in Table VI-1 . 
[0459] Further, test pieces and conditioned test pieces were prepared using the polyester block copolymer compo- 
sitions, and tensile extension at break was measured in relation to the conditioned test pieces. Results are shown in 
Table VI-2. A higher change ratio of the tensile extension at break with a lapse of time shows a more progressed 
deterioration. 

35 

(Comparative Example VI-1 ) 

[0460] 60 parts of a PBT (A^) and 40 parts of e-caprolactone were fed into a reaction vessel, and a reaction was 
conducted at 235**C for 1 hour while agitating. Subsequently, pressure was decreased from an ordinary pressure to 
40 not more than 1 torr over 1 hour while maintaining the temperature, and residual e-caprolactone in a system was 
removed while maintaining a reduced pressure state for further 1 hour. In the polyester block copolymer obtained, a 
melting point was 205'*C, and Ml was 11 g/10 minutes. The modulus of strain hardening was not observed. 

(Comparative Example VI-2) 

45 

[0461] 30 parts by weight of Celloxide 2021 P and 1 part by weight of 2-ethyl-4-methylimida2ole were fomnulated with 
100 parts of a polyester block copolymer obtained in the Comparative Example VI-1, followed by compounding to 
prepare a composition by an extruder. In the composition obtained, an Ml was 2 g/10 minutes, and the modulus of 
strain hardening was not obsen/ed. 

50 

(Comparative Example VI-3) 

[0462] 60 parts of a PBT (A^). 40 parts of e-caprolactone, and 300% by mol of 2,4-dihydroxy benzoate based on 
1 00% by mol of a polybutylene phthalate were fed into a reaction vessel, and a reaction was conducted at 235*C for 
55 1 hour while agitating. 

[0463] Subsequently, pressure was decreased from an ordinary pressure to not more than 1 torr over 1 hour while 
maintaining the temperature, and residual e-caprolactone in a system was removed while maintaining a reduced pres- 
sure state for further 1 hour. In the polyester block copolymer obtained, a melting point was ^79''C which is fairly 
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lowered, and Ml was 1 g/10 minutes. The modulus of strain hardening was observed. 
(Comparative Examples VI-4 to VI-6) 

5 [0464] Likewise as in the Examples VI-1 to VI-1 1 , polyester block copolymer composition was prepared by formulating 
and compounding through heating and kneading a variety of additives by an extruder with the polyester block copol- 
ymers (P-A). (P-B). and (P-C) prepared in the Reference Examples VI-1 to VI-3. Fomnulating amount is shown in Table 
VI-1. In relation to the polyester block copolymer compositions, tests were conducted according to the Examples VI- 
1 to VI-11 . Results in measurement are shown In Table V-2. 
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[0465] Since the composition by the present invention VI has the modulus of strain hardening, it is supposed that 
there can be obtained a molded article having uniform thickness in blow molding and, moreover, since the molded 
article has a low change ratio of the tensile extension at break with a lapse of time, there can be obtained a polyester 
block copolymer composition having a lower deterioration with a lapse of time. A molded article obtained using the 
composition is very excellent in heat resistance in addition to properties inherently possessed by a polyester block 
copolymer, and the molded article does not cause a thermal deterioration even being employed for a use exposed to 
a high temperature for a long time of period. 
[0466] Hereinafter, Examples are illustrated in relation to the present invention VII. 

55 [Preparation Example VII-1] 

[0467] 60 parts of a polybutylene terephthalate (A^), 40 parts of £-caprolactone, and 150% by mol of trlmethylolpro- 
pane were fed into a reaction vessel, and a reaction was conducted at 235*C for 1 hour while agitating. Subsequently, 



57 

3NSO(X:iD: <EP 1120432A1J_> 



EP1 120 432 A1 

pressure was reduced from an ordinary pressure to not more than 1 torr over 1 hour while maintaining the temperature, 
and residual e-caprolactone in a system was removed while maintaining a reduced pressure state for further 1 hour. 
In the polyester block copolymer obtained, a melting point was 190*C, and a number average molecular weight was 
56000. 

5 [0468] The copolymer is designated as Polyester block copolymer (P-A). 
[Preparation Example VI 1-2] 

[0469] 60 parts of a polybutylene terephthalate (A^) . 40 parts of e-caprolactone. and 50% by mol of trimethyf olpropane 
10 were fed into a reaction vessel, and a reaction was conducted at 235**C for 1 hour while agitating. Subsequently, 
pressure was decreased from an ordinary pressure to not more than 1 torr over 1 hour while maintaining the temper- 
ature, and residual e-caprolactone in a system was removed while maintaining a reduced pressure state for further 1 
hour. In the polyester block copolymer obtained, a melting point was 199'C, and a number average molecular weight 
was 61000. The copolymer is designated as Polyester block copolymer (P-B). 

15 

[Preparation Example VII-3] 

[0470] 60 parts of a polybutylene terephthalate (A^), 40 parts of e-caprolactone, and 0.1% by mol of trlmethylolpro- 
pane were fed into a reaction vessel, and a reaction was conducted at 235**C for 1 hour while agitating. Subsequently, 
20 pressure was reduced from an ordinary pressure to not more than 1 torr over 1 hour while maintaining the temperature, 
and residual e-caprolactone in a system was removed while maintaining a reduced pressure state for further 1 hour. 
In the polyester block copolymer obtained, a melting point was 205'C, and a number average molecular weight was 
71200. The copolymer is designated as Polyester block copolymer (P-C). 

25 [Preparation Example \/ll-4] 

[0471] 60 parts of a polybutylene terephthalate (A-,). 40 parts of e-caprolactone, and 150% by mol of 24-dlhydroxy 
benzoate were fed into a reaction vessel, and a reaction was conducted at 235^*0 for 1 hour while agitating. Subse- 
quently, pressure was decreased from an ordinary pressure to not more than 1 torr over 1 hour while maintaining the 
30 temperature, and residual e-caproiactone in a system was removed while maintaining a reduced pressure state for 
further 1 hour. In the polyester block copolymer obtained, a melting point was 1 90*C, and a number average molecular 
weight was 51 000. The copolymer is designated as Polyester block copolymer (P-D). 

[Preparation Example VII-5] 

35 

[0472] 60 parts of a polybutylene terephthalate (A^), 40 parts of e-caprolactone, and 80% by mol of 2,4-dihydroxy 
benzoate were fed into a reaction vessel, and a reaction was conducted at 235*0 for 1 hour while agitating. Subse- 
quently, pressure was decreased from an ordinary pressure to not more than 1 torr over 1 hour while maintaining the 
temperature, and residual e-caprolactone in a system was removed while maintaining a reduced pressure state for 
40 further 1 hour. In the polyester block copolymer obtained, a melting point was 200'C. and a number average molecular 
weight was 63800. The copolymer is designated as Polyester block copolymer (P-E). 

[Preparation Example VI 1-6] 

45 [0473] 60 parts of a polybutylene terephthalate (A^) having a melting point of 230*»C, 40 parts of e-caprolactone, and 
0.5% by mol of 2,4-dihydroxy benzoate were fed Into a reaction vessel, and a reaction was conducted at 235**C for 1 
hour while agitating. 

[0474] Subsequently, pressure was decreased from an ordinary pressure to not more than 1 torr over 1 hour while 
maintaining the temperature, and residual e-caprolactone in a system was removed while maintaining a reduced pres- 
to sure state for further 1 hour. In the polyester block copolymer obtained, a melting point was 204*»C. and a number 
average molecular weight was 69100. The copolymer Is designated as Polyester block copolymer (P-F). 

[Preparation Example VI 1-7] 

55 [0475] 60 parts of a polybutylene terephthalate (A^) and 40 parts of e-caprolactone were fed Into a reaction vessel, 
and a reaction was conducted at 235*C for 1 hour while agitating. Subsequently, pressure was decreased from an 
ordinary pressure to not more than 1 torr over 1 hour while maintaining the temperature, and residual e-c'apro lactone 
in a system was removed while maintaining a reduced pressure state for further 1 hour. In the polyester block copolymer 
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obtained, a melting point was 204**C, and a nunnber average molecular weight was 76500, 
[0476] The copolymer Is designated as Polyester block copolymer (P-G). 

[Preparation Example VI 1-8] 

[0477] 60 parts of a polybutylene terephthalate (A^) having a melting point of 230*C, 40 parts of e-caprolactone, and 
300% by mol of 2,4-dlhydroxy benzoate were fed Into a reaction vessel, and a reaction was conducted at 235*C for 1 
hour while agitating. Subsequently, pressure was reduced from an ordinary pressure to not more than 1 torr over 1 
hour while maintaining the temperature, and residual e-caprolactone in a system was removed while maintaining a 
reduced pressure state for further 1 hour. In the polyester block copolymer obtained, a melting point was 1 79*'C which 
is fairly lowered. As described hereinabove, when a multifunctional compound is added In a large amount, a melting 
point is largely lowered. 

[Examples VI 1-1 toVII-IO] 

[0478] Polyester block copolymer composition is a mixture in which compounds selected from cyclohexane dlglyci- 
dylester (CHDGE), Kardular E1 0, sodium stearate, and Irganox 1 01 0 are mixed with 1 00 parts by weight of the polyester 
block copolymers prepared In the Preparation Examples VII-1 to VII-6 in the weight part described in Table VII-1, 
respectively, and which is prepared by agitating at room temperature for 30 minutes in a drum tumbler. The mixture 
was extruded using a 32 mmo twin screw extruder at 230**C for a heating time of period of 2.5 minutes, and cut and 
pelletized after cooled in water. 

[0479] Pellets obtained were fed into a tank type apparatus which can be heated and agitated, and can be pressure- 
reduced and purged by nitrogen, and preheated under conditions of 100*»C and 100 ton- for 3 hours. Further, the 
apparatus was purged by nitrogen and returned to an ordinary pressure, and a themrial treatment was conducted by 
elevating to 180*'C. After the treatment, it was cooled under a nitrogen atmosphere to take out pellets, and there were 
measured an Ml value, a tensile strength and extension, a melting point, color hue, an acid value, a number average 
molecular weight, the modulus of strain hardening, and a draw-down property. Conditions for measurement and results 
are shown in Table VII-2. 

[0480] As sown in the Tables Vtl-1 and VII-2, by the method of the present invention, there can be obtained resins 
having an excellent draw-down property and color hue and, in which an acid value can be reduced by a small amount 
of the epoxy compounds, In which decline of viscosity is less, and which have excellent physical properties, 
[0481] Further, the mount of volatile components was less in melt-mixing compared to the Comparative Examples 
as described hereinafter. 

[Comparative Examples VII-1 to VII-7] 

[0482] Polyester block copolymer composition is a mixture in which compounds selected from the CHDGE, Kardular 
E10, sodium stearate, and Irganox 1010 are mixed with the polyester block copolymers prepared in the Preparation 
Examples VII-1 to VII-7 in the weight part described in Table VII-1, respectively, and which is prepared by agitating at 
room temperature for 30 minutes in a drum tumbler. 

[0483] The mixture was extruded using a 32 mmo twin screw extruder at a temperature and time of period adjusted 
as shown in Table VII-1 and while controlling an feeding amount, and cut and pelletized after cooled in water 
[0484] In relation to the pellets obtained, there were measured an Ml value, a tensile strength and extension, a 
melting point, color hue, an acid value, a number average molecular weight, the modulus of strain hardening, and a 
draw-down property. Conditions for measurement and results are shown in Table VII-2. 

[0485] As shown in the Tables VII-1 and VII-2, it Is conflmned that although the draw-down property is partially ob- 
served, a level is small, and draw-down resistance is also small which is required in blow molding. Further, it is confirmed 
that a large amount of epoxy compounds are required in order to sufficiently lower an acid value, and there become 
worse physical properties such as color hue and viscosity. 

[Comparative Example VII-8] 

[0486] A composition was prepared by compounding using a twin screw extmder after formulating 30 parts by weight 
of Celloxide 2021 and 1 part by weight of 2-phenylimida2ole with the polyester block copolymer obtained In the Prep- 
aration Example VII-7. In relation to the composition obtained, there were measured an Ml value, a tensile strength 
and extension, a melting point, color hue, an acid value, a number average molecular weight, the modulus of strain 
hardening, and a draw-down property. Conditions for measurement and results are shown In Table VII-2. The modulus 
of strain hardening was not observed. 
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[Comparative Examples Vll'9 to VII-11] 

[0487] Likewise as In the Examples VII-1 to VII-10, a polyester block copolymer composition is a mixture in which 
compounds selected from the CHDGE, Kardular E-10. sodium stearate, and Irganox 1010 are mixed with 100 parts 
by weight of the polyester block copolymer prepared in the Preparation Example VII-7 in the weight part described in 
Table, respectively, which is prepared by agitating at room temperature for 30 minutes in a drum tumbler. The mixture 
was extruded using a 32 mmo twin screw extruder at 230**C and a heating time of period of 1 minute, and cut and 
pelletized after cooled in water. 

[0488] Pellets obtained were fed into a tank type apparatus which can be heated and agitated and can be pressure- 
reduced and purged by nitrogen, and a thermal pretreatment was conducted at conditions of 100^*0 and 100 torrfor3 
hours. Further, a thermal treatment was conducted at 180*0 after having returned to an ordinary pressure by purging 
nitrogen. After cooled under nitrogen, and pellets were taken out to measure an Ml value, a tensile strength and ex- 
tension, a melting point, color hue, an acid value, a number average molecular weight, a modulus of strain hardening, 
and a draw-down property. Conditions for measurement and results are shown in Table VII-2. The modulus of strain 
hardening was not observed in all samples. 
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[0489] By the present invention, there can be obtained a polyester block copolymer composition having an excellent 
moldability by which it can be applied in blow molding and a variety of molding processes without any hindrance, and 
which has an excellent heat resistance and rubbery elasticity. 



Claims 

1 . A method for the preparation of a polyester block copolymer (P1 ) characterized In that in the method for the prep- 
aration of 1 00% by weight of the polyester block copolymer (P1 ) by allowing to react A% by weight of a crystalline 
aromatic polyester (A1) with B% by weight of lactones (B) (A+B=100), (B+0.5)% by weight of lactones (B) are 
introduced into A% by weight of a crystalline aromatic polyester (A1 ), and not less than 0.5% by weight of unreacted 
lactones are remained with respect to 100% by weight of the polyester block copolymer (PI) after preparation of 
the copolymer. 

2. A method for the preparation of a polyester block copolymer (PI) as claimed in claim 1, wherein (B+2.5)% by 
weight of said lactones (B) are introduced and not less than 2.5% by weight of unreacted lactones are remained 
with respect to 1 00% by weight of said polyester block copolymer (P1 ) after preparation of the copolymer. 

3. A method for the preparation of a polyester block copolymer (PI) as claimed in claim 1 or 2, wherein reaction 
proportion (A)/{B) of said crystalline aromatic polyester (A1) with respect to said lactones (B) is 95/5-20/80. 

4. A method for the preparation of a polyester block copolymer (P1 ) as claimed in claims 1 -3, wherein said unreacted 
lactones are removed from said polyester block copolymer (P1). 

5. A method for the preparation of a polyester block copolymer (PI) as claimed in any one of claims 1-4, wherein 
said unreacted lactones are continuously removed. 

6. A method for the preparation of a polyester block copolymer (PI) as claimed in any one of claims 1-5, wherein 
said crystalline aromatic polyester (A1 ) and said lactones (B) are continuously supplied into a reaction vessel and 
addition-polymerized, and said polyester block copolymer (PI) is continuously taken out. 

7. A method for the preparation of a polyester block copolymer (PI) as claimed in any one of claims 1-6, wherein 
said crystalline aromatic polyester (A1) is a polybutylene terephthalate. 

8. A method for the preparation of a polyester block copolymer (P1) as claimed In any one of claims 1-7, wherein 
said lactones (B) are a caprolactone. 

9. A method for the preparation of a polyester block copolymer (P'1 ) having a high molecular weight characterized 
in that a reaction is further conducted in a solid phase after having prepared said polyester block copolymer (PI) 
as claimed In any one of claims 1-8. 

10. A method for the preparation of a polyester block copolymer (P'1 ) having a high molecular weight as claimed In 
claim 9, wherein said reaction in a solid phase is continuously conducted. 

1 1 . A polyester block copolymer composition (R) obtained by thermally-processing a polyester block copolymer com- 
position (Q) obtained by melt-mixing 100 parts by weight of a polyester block copolymer (P) with 0.1-5 parts by 
weight of an epoxy compound (C) having one or more epoxy groups under an inert gas atmosphere and not less 
than 1 20"'C in a solid phase, and further, at a temperature lower than a melting point of the polyester block copol- 
ymer composition (R) obtained. 

12. A polyester block copolymer composition (R) as claimed in claim 11. characterized in that said polyester block 
copolymer (P) is a polyester block copolymer (PI) obtained by allowing to react a crystalline aromatic polyester 
(A1) with lactones (B). 

13. A polyester block copolymer composition (R) as claimed in claim 11. characterized in that the polyester block 
copolymer (P) is a polyester block copolymer (P2) obtained by a polycondensation and/or ring-opening polymer- 
ization of monomer components constructing a crystalline polyester (A1); monomer components constructing a 
low crystalline polyester (A4); an aliphatic polyether (A2); and/or polylactone (A3). 



63 



EP1 120 432 A1 

14. A polyester block copolymer composition (R) as claimed in any one of claims 11-13. characterized in that said 
epoxy compound (C) is an epoxy compound (C2) having two or more epoxy groups. 

15. A polyester block copolymer composition (R) as claimed in any one of claims 11 -14 which is obtained by thermally- 
5 processing said polyester block copolymer composition (Q) at not less than 1 50*C and, moreover, at a temperature 

of 1 00- to 5*C-lower than a melting point of said polyester block copolymer composition (R). 

16. A polyester block copolymer composition (R) as claimed In any one of claims 11-15 which is obtained by further 
thermally-processing after preheating at a temperature lower than a melting point of the polyester block copolymer 

10 composition (R) and, moreover, at a temperature of not more than 150*C. 

17. A polyester block copolymer composition (R) as claimed in any one of claims 11-16, wherein there are mixed at 
least one kind of compounds selected from the group consisting of a hindered phenol-based compound, a sulphur- 
based compound, a phosphorus-based compound, a phenyl amine-based compound, and a hindered amine- 

'5 based compound, 

18. A polyester block copolymer composition (R) as claimed in any one of claims 11-17, wherein an acid value is not 
more than 0.5 mgKOH/g in said polyester block copolymer composition (R) and, moreover, a melting point (Tm 
(R))) of said composition (R) is 10**C-lower than a melting point (Tm(P))) of said polyester block copolymer (P) 

20 which is a raw material. 

Tm(P)-10*<Tm(R) 

25 19. A polyester block copolymer composition (R) as claimed in any one of claims 11-18, wherein a melt viscosity 
stability (MI(T, P, t+10)/(MI(T, P, t)) is 0.5-2.0 in said polyester block copolymer composition (R). in the fomnula, a 
melt index (MI(T, P, t)) value is a value measured at a heating temperature (T), loading (P), and heating time of 
period (t) based on a method described in Table 1 of JIS K721 0, and herein, T is a temperature of S'^C-higher than 
a melting point of said composition (R) and, it is a minimum temperature of experimental temperatures described 

30 In Table 1 of the JIS K721 0, and P is a value selected as ranging in 1 -30 g/1 0 minutes in an Ml value, and the (Ml 

(T, P, t)) is a value in which the heating time of period is t+10 minutes in conditions of the T and P. 

20. A method for the preparation of a polyester block copolymer composition (R) characterized in that there is thermally- 
treated a polyester block copolymer composition (Q) in which 100 parts by weight of a polyester block copolymer 

35 (P) is thermally mixed with 0.1-5 parts by weight of an epoxy compound (C) having at least one epoxy groups 

under an inert gas atmosphere and at not less than 120*C and a temperature less than a melting point of the 
obtained polyester block copolymer composition (R) in a solid phase. 

21 . A polyester block copolymer composition which comprises themnally-kneading 1 00 parts by weight of a polyester 
40 block copolymer (PI ) obtained by a reaction of a crystalline aromatic polyester (A1 ) with lactones (B) with 0.5-5.0 

parts by weight of a mono or mo refu notional epoxy compound (C) and 0.01-3.0 parts by weight of a complex- 
formable agent for a metal (G). 

22. A polyester block copolymer composition as claimed in claim 21 , wherein said crystalline aromatic polyester (A1) 
45 is a polyester of an aromatic dicartDoxylic acid whbh is an acid component (a) and an aliphatic dicarboxylic acid 

and/or a cycloaliphatic dicarboxylic acid which are optionally added with an aliphatic diol. an aromatic diol, and/or 
a cycloaliphatic diol which are a diol component (b). 

23. A polyester block copolymer composition as claimed in claim 21 . wherein said crystalline aromatic polyester (A1) 
50 contains not less than 50% by weight of total of butylene terephthalate and ethylene terephthalate units. 

24. A polyester block copolymer composition as claimed in any one of claims 21 -23, wherein a copolymerization pro- 
portion (A1/B) of said crystalline aromatic polyester (A1) with said lactones (B) is 97/3-50/50 by weight. 

55 25. A polyester block copolymer composition as claimed in any one of claims 21-24, wherein said epoxy compound 
(C) is a glycidyl type epoxy compound, a compound shown by any one of general formulae (l)-(V) described below, 
and a mixture thereof, 



64 



iSDOCID: <eP 1120432A1J_> 



EP 1 120 432 A1 



It 

o 



(I) 



10 



15 



R2— |-C--0^'^^ 
R3 ° 



(II) 



20 



25 



cc. 



(III) 



30 




(IV) 



35 



40 



n o 




'Jn \_/ 



45 



50 



55 



(in the formulae, R1 , R2, R3 are an alkyl group and, at least one of those are a methyl group, and total carbon 
number thereof Is 8 pieces and, further, "n" is 0-5.). 

26. A polyester block copolymer composition as claimed in any one of claims 21 -25, wherein said complex-formable 
agent for a metal (G) is at least one selected from the group consisting of an oxalic acid derivative, a salicylic acid 
derivative, and a hydrazide derivative. 

27. A heat-sensitive body for a heater cable composed of a polyester block copolymer composition as claimed in any 
one of claims 21-26. 



28. 



A polyester block copolymer composition which in obtaining said polyester block copolymer composition by allow- 
ing to react said crystalline aromatic polyester (A1) with lactones (B), comprises adding 0.5-5.0 parts by weight of 
at least one kind of an epoxy compound (C) having one or more pieces of epoxy groups (including at least 0.2 part 
by weight of two or more functional epoxy compound) and 0-2.0 parts by weight of a carbodiimide compound (E) 
to 100 parts by weight of a polyester block copolymer (P3) obtained by allowing to react 0.1-100% by mol of at 
least one kind of a multifunctional compound (D) having at least three pieces of at least one of carboxylic group 
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(i), hydroxy I group (N), and/or an ester-formable group therefrom (iii) with 100% by mol of a crystalline aromatic 
polyester (A1), followed by thermally-kneading. 

29. A polyester block copolymer composition which comprises, in obtaining said polyester block copolymer composi- 
tion by allowing to react the crystalline aromatic polyester (A1) with lactones (B), adding 0.1-5.0 parts by weight 
of at least one kind of an epoxy compound (C) having one or more pieces of epoxy groups arid 0-2.0 parts by 
weight of a carbodiimide compound (E) to 100 parts by weight of a polyester block copolymer (P3) obtained by 
allowing to react 0.1-200% by mol of at least one kind of a multifunctional compound (D) having at least three 
pieces of carboxylic group (i). hydroxyl group (ii), and/or an ester-formable group therefrom (iii) with 100% by mol 
of a crystalline aromatic polyester (A1), followed by thermally-kneading, 

[be common in the present Inventions V and VI] 

30. A polyester block copolymer composition as claimed In claim 28 or 29, wherein said crystalline aromatic polyester 
(A1) is a polyester of an aromatic dicarboxylic acid which is an essential acid component (a), an aliphatic dicar- 
boxylic acid and/or a cycloallphatic dicarboxylic acid which are optionally added with an aliphatic diol, and an 
aromatic diol, and/or a cycloallphatic diol which are a diol component (b). 

31 . A polyester block copolymer composition as claimed in any one of claims 28-30, wherein said crystalline aromatic 
polyester (A1 ) contains not less than 50% by weight of total of butylene terephthaiate and/or ethylene terephthalate 
units. 

32. A polyester block copolymer composition as claimed in any one of claims 28-30, wherein a copolymerization pro- 
portion of said crystalline aromatic polyester (A1) with said lactones (B) is the same proportion as described in 
claim 24. 

33. A polyester block copolymer composition as claimed in any one of claims 29-32, wherein at least one kind of said 
multifunctional compound (D) contains carboxylic group (i) or an ester-fomiable group therefrom. 

34. A polyester block copolymer composition as claimed in any one of claims 28-33. wherein said epoxy compound 
(C) is the same compound as described in claim 25. 

35. A polyester block copolymer composition as claimed in any one of claims 28-34, which is employed for blow mold- 
ing. 

36. A polyester block copolymer composition (R) which comprises, in obtaining said polyester block copolymer com- 
position by allowing to react the crystalline aromatic polyester (A1) with lactones (B), heating a polyester block 
copolymer composition (Q) at a solid phase, and said composition (Q) is obtained by formulating 0.1-5.0 parts by 
weight of at least one kind of an epoxy compound (C) having one or more pieces of epoxy groups with 100 parts 
by weight of a polyester block copolymer (P) obtained by allowing to react 0.1-200% by mol of at least one of a 
multifunctional compound (D) having at least three pieces of carboxylic group (i). hydroxyl group (ii), and/or an 
ester-formable group therefrom (iii) with 1 00% by mol of a crystalline aromatic polyester (A), followed by thermally- 
kneading. 

37. A polyester block copolymer composition (R) as claimed in claim 36, wherein at least one kind of said multifunctional 
compound (D) contains at least one of carboxylic group (i) or an ester-fonmable group therefrom. 

38. A polyester block copolymer composition (R) as claimed In claim 36 or 37, wherein said epoxy compound (C) 
contains at least one kind of a bifunctional epoxy compound. 

39. A polyester block copolymer composition (R) as claimed in any one of claims 36-38. wherein said polyester block 
copolymer composition (R) has an acid value of not more than 0.5 mgKOH/g and. moreover, a melting point Tm 
(R) Is not less than 5*C-lower than a melting point Tm(P) of said polyester block copolymer (P) before adding said 
epoxy compound, and Tm(R)>Tm(P)- 5**C. 

40. A polyester block copolymer composition as claimed in any one of claims 36-39, wherein a melt viscosity stability 
(MI-B)/(MI-A) is 0.5.-2.0 which is calculated from an Ml value (Ml-A) in said polyester block copolymer composition 
(R) and an Ml value (Ml-B) after heating for 1 0 minutes at a temperature selected so as to be a lower temperature 
of the temperature described in JIS K7210. 
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41 . A polyester block copolymer composition as claimed in any one of claims 36-40, which is a composition for blow 
molding. 

42. A method for the preparation of a polyester block copolymer composition (R) characterized in that in obtaining the 
5 polyester block copolymer composition by allowing to react said crystalline aromatic polyester (A) with lactones 

(B), there is heated a polyester block copolymer composition (Q) at a solid phase, and said composition (Q) is 
obtained by formulating 0.1 -5.0 parts by weight of at least one kind of an epoxy compound (C) having one or more 
pieces of epoxy groups and 0-2.0 parts by weight of a carbodiimide compound (E) with 100 parts by weight of a 
polyester block copolymer (P) obtained by allowing to react 0.1-200% by mol of at least one kind of a multifunctional 
10 compound (D) having at least three pieces of carboxylic group (i), hydroxyl group (ii), and/or an ester-formable 

group therefrom (ill) with 100% by mol of a crystalline aromatic polyester (A), followed by themnally-kneading. 

43. A method for the preparation of a polyester block copolymer as claimed in claim 42. wherein heating is conducted 
in a solid phase at conditions from a temperature lower than a melting point of said polyester block copolymer 

15 composition (R) to a temperature higher than a glass transition temperature thereof in a solid phase under an inert 

gas atmosphere and, moreover, heating is conducted at a higher temperature (Ta) than 120**C, 



20 



25 



30 



35 



Tg<Ta<Tm (R), 

and 

120<*C<Ta. 

44. A method for the preparation of a polyester block copolymer as claimed in claim 42, wherein the temperature 
heating in a solid phase is 100- to 5C**-lower than a melting point of said polyester block copolymer composition 
(R) in a solid phase and, moreover, a temperature (Ta) higher than 150*^0, 

Tm(R)-100'»C^Ta<Tm(R)-5«C. 

and 

150*C^Ta. 

45. A method for the preparation of a polyester block copolymer as claimed in any one of claims 42-44, wherein heating 
is conducted in a solid phase at conditions of, 



40 



(1 ) a temperature ranges from a temperature lower than a melting point of the polymer to a temperature higher 
than a glass transition temperature of the polymer in a solid phase and, moreover, preheating is conducted at 
a temperature lower than 1 SO^'C and a temperature (Tb) lower than Ta, and then, 

(2) a temperature ranges from a temperature lower than a melting point of the polymer to a temperature higher 
than a glass transition temperature of the polymer in a solid phase and, moreover, heating is conducted at a 
temperature higher than 120*C, 

Preheating temperature Tb 

Tg<Tb<Tm(R), 
7b<150*C. 
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Heating temperature Ta 
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TbsTa 

Tg<Ta<Tm(R), 
120'*C<Ta. 
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